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5 1. Piald cf tha Tnvantien 

This invention relates to a process for forming a 
composite material comprising a polymer matrix having 
dispersed therein platelet particles, derived from 
swellable intercalated layered materials, and to 

10 composite material formed by the process of this 

invention. More particularly, this invention relates 
to such a process where the intercalated layered 
material has layers «diich are compatible with the 
polymer of the matrix, such that during the process the 

15 polymer-compatible layers of the intercalated material 
dissociate one from the other to form platelet fillers. 

2. Prior Xrt 

A specific category of polymer nemoconqposites has 
20 been described as a composite material con?)rising a 

polymer matrix containing a polyamide having uniformly 
dispersed therein layers of silicate. Such 
nanocomposites are described in US Pat No. 4,739,007 
and Ho. 4,810,734, Deutsches Pat. 3808623 Al, Japanese 
25 Patent J 02 208358 A, and technical publications by the 
patentees (J. Tnelu *?,<pn Phenomena 5. (1987), 473-483; 
ciav Minerals . 22, (1988) ,27; Polym. Preprints, 32, 
(April 1991), 65-66; artrt Pftjyin- Prints. 2S.. (August 
1987), 447-448. 

30 

SUMMMtV OP TOB mVgMTIOM 

Hiis invention relates to a process for forming a 
polymeric composite vhich comprises platelet particles 
dispersed in a polymeric matrix ^ich conprises the 

35 steps of: 

(a) forming a "flowabl mixture" comprising a 
melt-processible polymer and a swellabl and polymer- 
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compatible intercalated layered material having layers 
that are compatible with said polymer; and 

(b) subjecting said mixture to a shear having a 
shear rate which is sufficient to dissociate all or a 
5 portion of said layers one from the other to form 

platelet particles having an average thickness equal to 
or less than about 50 A, and preferably having a 
maximum thickness of 100 A, and to uniformly disperse 
said platelet particles in said polymer to form said 

10 polymer composite. 

Another aspect of this invention relates to a 
composite material comprising a polymeric matrix which 
comprises a melt process ible polymer having uniformly 
dispersed therein platelet particles having an average 

15 thickness equal to or less than about 50 A and 

preferably having a maucimum thickness eqxial to or less 
than about 100 A, said platelets having a chemical 
species bonded to the surface thereof and which is not 
covalently bonded to said polymer. The process is 

20 directed toward preparation of polymer composites 
wherein the dispersed phase comprises platelet 
particles having two flat opposite faces, the thickness 
of ^Aich particles is the distance between these faces. 
The thickness is relatively small compared to the size 

25 of the flat opposite faces. Dispersing such finely 

divided platelet particles imparts a very large area of 
contact between polymer and particles for a given 
volume of particles in the composite and a high degree 
of homogeneity of the composite with respect to the 

30 particular effect of the dispersed particles. Platelet 
particles of high strength and modulus, dispersed at 
sub-micron size (nanoscale) , impart greater mechanical 
reinforcement to the polymer matrix than do comparable 
loadings of conventional reinforcing fillers of micron 

35 size. Nanoscale barrier layers impart lower 

perm ability to polymers than do comparable loadings of 
c nventional barri r fillers. 
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Th pr cess of this invention xhibits s veral 
advantag s ver monomer bl nding and polymerizing 
proc sses of th type described in U.S. Pat nt Nos. 
4,810,734 and 4,739,007, also referred to herein as in- 
5 reactor processes. These advantages include utility 
for a broader range of matrix polymers; utility for a 
wider range of composites having the same matrix 
polymer due to a larger selection of 

swelling/compatibilizing agents, each having a distinct 

10 bonding interaction with both the polymer and the 
platelet particle; and greater control over the 
molecular wei^t distribution of the matrix polymer - 
For example, virtually any polymer material that can be 
made to flow can be compounded with nanoscale particles 

15 derived from intercalated layered materials which 

exfoliate during mixing in accordance with the process 
of this invention. In contrast, the monomer blending 
and polymerizing processes of the prior art are 
restricted to polymers whose monomers are compatible 

20 with layered materials and can be polymerized 

effectively in the presence of the layered material. 
In the process of the present invention, the 
confounding entails no special conditions specific to 
selected polymer molecular weight distributions. On the 

25 other hand, in-reactor processes of the prior art 
require special polymerization conditions for each 
selected molecular weight distribution due to the 
effect of a dispersed phase on reaction mixture 
viscosity and polymerization kinetics. Virtually any 

30 loading of intercalated layered material is possible in 
the process of this invention , whereas in-reactor 
compounding of the prior art processes may be 
practically limited to loadings that permit 
polymerization to proceed to a selected molecular 

35 weight. 

Another advantage is that compatibilizing agents 
including silane coupling agents can b r adily used in 
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th process of this invention. These coupling ag nts 
can bond to the platelet particles through water- and 
chemical-resistant covalent bonds such as M-O-Si-C 
bonds. Where M is a metal such as Si, Mg and Al. They 
5 can then couple the particles to the matrix polymer and 
other polymers via a variety of bonding interactions 
including covalent bonds, hydrogen-bonds, dipole-dipole 
bonds and interchain entanglement. Some of these 
silane coupling agents can not be used in monomer 

10 blending and polymerizing processes of the prior art. 
For example, silane coupling agents may hydrolyse or 
decompose under the polymerization conditions described 
in U.S. Patent Nos. 4,739,007 and 4,810,734. 
specifically layered materials intercalated by 

15 swelling/compatibilizing agents which are compounded in 
the in-reactor blending processes of the prior art must 
survive polymerization conditions (e.g., several hours 
in water vapor at 250^0, or 30 minutes in strong 
reducing agents at 180«C, in the case of caprolactam 

20 polymerization by cationic and anionic processes, 
respectively) . In contrast, only short high 
temperature exposures are required for the present 
process, such as about 1 minute at 250 'C for 
compounding layered materials with nylon 6 to form a 

25 neuiocomposite. 

AS a further advantage of the present process, 
unreacted monomer can be removed prior to forming the 
nanocomposite. This facilliates monomer removal, for 
example by solvent extraction, since dispersed 

30 particles can interfere with this process. 

fVjlf ^ pBflGRTPTin ff OP ™B DRAWXWG8 
The invention will be more fully understood and 
further advantages of the invention will become 
35 apparent when reference is made to the following 

detailed d scription of the invention and accompanying 
drawings in which: 
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FIG 1 is a graph of elastic modulus versus 
temp rature for a nylon 6/montmorillonite 
nanoconposit . 

FIG 2 is a graph of elastic modulus versus 
5 temperature for a nylon 6/montmorillonite nanocomposite 
and for a composite of nylon 6 with unintercalated 
montmor illonite . 

FIG 3 is a micrograph of the extruded ncuiocomposite 
formed by the process of this invention of Exanqple 3 
10 obtained by transmission electron microscopy. 

DB8Cl*TPTTOM OF THB PRBPBRHBP gMnnnTirRtWH 

OP m iMvmioH 
The first step of this invention con^rises forming 

15 a "flowable mixture" comprising one or more polymers in 
a "polymer melt" and at least one "swellable and 
polymer-compatible intercalated layered material" which 
comprises polymer-compatible layers that are compatible 
with said polymers. As used herein, a "flowable 

20 mixture" is a mixture which is capable of flowing at 
the submicron scale so that the layered materials may 
exfoliate into platelet particles comprising individual 
or a small multiple of layers, which may in turn 
disperse within the polymer mixture. As used herein, a 

25 "polymer melt" is a melt processible polymer or mixture 
of polymers which has been heated to a teii^>erature 
sufficiently high to produce a viscosity low enough for 
submicron scale laixing to occur. Temperatures tised in 
the first step are not critical and can be varied 

30 widely as desired provided that the polymer employed is 
in the state of a polymer melt. In the preferred 
embodiments of the invention, process temperature 
should be at least as high as the melting point of the 
particular polymer employed, and below the degradation 

35 temperature of the polymer. In the more preferred 

embodiments f this invention, where the polymer is a 
thermoplastic p lym r, the process temperature is such 
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that the polymer will remain in the polymer melt during 
th conduct of the process. In the case of a . 
crystalline thermoplastic polymers, the temperature is 
above the polymer's melting temperature. For example, 
5 a typical nylon 6 having a melting point of about 
225 'C can be melted in an extruder at any temperature 
equal to or greater than about 225-C, as for example 
between about 225»C and about 325"C. For nylon 6, a 
temperature of preferably from about 250°C to about 
10 260»C is normally employed. In the cases of amorphous 
thermoplastics and vulcanizable rubbers, it is a 
temperature at which the viscosity is sufficiently low 
that processing of the polymer can be performed by 
conventional means. 

The manner in which the f lowable mixture is formed 
is not critical and conventional methods can be 
eii«)loyed. For example, the flowable mixture can be 
prepared through use of conventional polymer and 
additive blending means, in which the polymer is heated 
to a temperature sufficient to form a polymer melt and 
combined with the desired amount of the intercalated 
layered material in a granulated or powdered form in a 
suitable mixer, as for example an extruder, a Banbury 
Mixer, a Brabender mixer, a continuous mixer and the 
25 like. The polymer melt containing nano-dispersed 
delaminated layered material may also be formed by 
reactive extrusion in which the layered material is 
initially dispersed as aggregates or at the nanoscale 
in a liquid or solid monomer and this monomer is 
30 subsequently polymerized in an extruder or the like, 
such monomer or other reactive solid or liquid 
dispersion can be injected into a polymer melt 
containing one or more polymers in an extruder or other 
mixing device. The injected liquid may result in new 
35 polymer or in chain extension or grafting to the 
polymer initially in the melt. Alternatively, the 
p lymer may b granulated and dry mixed with the 
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int rcalat d lay red material, and thereaft r, the 
composition may be heated in a mixer until the polymer 
is melted forming the flowable mixture. As d scribed 
above, the flowable mixture is, in the second step, 
5 subjected to a shear in a mixer sufficient to form the 
dispersed nanocomposite structure of platelet particles 
in the polymer melt, and it is thereafter cooled. 

Best results are generally obtained when the 
f loweOjle mixture includes as little water as possible 

10 in order to avoid hydrolytic cleavage of the polymer 
and/ or generation of void defects. Some polymers such 
as polyolefins can tolerate more than about 0.25% water- 
by weight during melt processing, while others (such as 
condensation polymers as for example polyamides and 

15 polyesters) may be degraded if processed with water 
content greater than about 0.1% by weight. 
Consequently, in the most preferred embodiments, both' 
the polymer and the intercalated layered material are 
rigorously dried and contain substantially no water. 

20 Ideally, the intercalated layered laaterial is free of 
water that can be desorbed at temperatures up to the 
processing temperature. However, good results can be 
obtained ^rtxen the intercalated layered material 
contains as much as about 2% by weight water and 

25 comprises less than about 5% by weight of the flowable 
mixture. For coii5>ounding with condensation polymers, 
the intercalated layered material preferably contains 
less than about 1% by weight , more preferably less 
them about 0.5% by weight water and most preferably 

30 less than about 0.25% by weight water. 

As a first essential ingredient, the flowable 
mixture includes a "swellable and polymer-compatible 
intercalated material". As used herein, a "swellable 
and polymer-compatible intercalated layered material" 

35 is a swellable layered material intercalated by a 

neutral or ionic intercalant or intercalants which act 
to weaken the interlayer cohesive energy by swelling 
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the inter layer distances. In the preferred embodiments 
of the invention, the intercalant or intercalants 
increase the compatibility and bonding of the layers 
with the polymer melt by having attractive interactions 
5 with both the layers and the polymer. Intercalants 
which function to swell interlayer distances are 
hereinafter referred to as "swelling agents", 
intercalants which ftinction to increase the 
compatibility and bonding of the layers with the 
10 polymer melt are hereinafter referred to as 

-compatibilizing agents" and intercalants which 
function as swelling agents and compatibilizing agents 
are hereinafter referred to as 
"swelling/ compatibilizing agents". 
15 swellable layered materials are materials 

comprising planar layers arrayed in a coherent, 
coplanar structure, where the bonding within the 
layers, is stronger than the bonding between the layers 
such that the materials exhibit increased interlayer 
20 spacing in their intercalation compounds. The neutral 
or ionic molecules, called "intercalants", may be 
introduced into the interlayer spaces by either 
insertion, in the case of neutral molecules, or ion 
exchange, in the case of ions. The intercalants may be 
25 introduced in the form of a solid, liquid, gas, or 
solute. The intercalants may be introduced into the 
spaces between every layer, nearly every layer, or a 
large fraction of the layers of the layered material 
such that the resulting platelet particles comprise 
30 less than about 10 layers in thickness. The platelet 
particles are preferably less than about 8 layers in 
thickness, more preferably less than about 5 layers xn 
thickness, and most preferably, about 1 or 2 layers m 
thickness. 

35 Any swellable layered material having the above 

referenced characteristics may be used in the practice 
of this invention. Useful swellable layered materials 
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includ phyllosilicates. Illustrative f such 
materials ar sm ctit clay minerals such as • 
montmorillonite, nontronite, beidellite, volkonskoit , 
hector ite, saponite, sauconite, magadiite, and 
5 kenyaite; vermiculite; and the like. Other useful 
layered materials include illite minerals such as 
ledikite and admixtures of illites with the clay 
minerals named above. Other useful layered materials, 
particularly useful with anionic polymers, are the 
10 layered double hydroxides, such as MgsAl3.4(OH)igj(C03),.7" 
1^0 (see W.T. Reichle, J. Catal., 94 (12985) 547), 
^rtiich have positively charged layers and exchangeable 
anions in the inter layer spaces. Other layered 
materials having little or no charge on the layers may 
15 be useful in this invention provided they can be 

intercalated with swelling agents which expand their 
interlayer spacing. Such materials include chlorides 
such as Reel} and FeOCl, chalcogenides such as TiS,, 
MoSj, and MoS,, c^smides such as Ki(CN>3, and oxides 
20 such as HjSiiO,, Vfi^, HTiWbO,, CrosVosSj, Voa^2.tfhf CTjOt, 

Mo03(OH)3, VOPO4-2BP, CaP04CH3-H20, MnHAs04-H20, Ag^OjoOj,, 
and the like. Preferred swellable layered materials 
are phyllosilicates of the 2:1 type having a negative 
charge on the layers ranging from about 0.25 to about 
25 0.9 charges per formula unit and a commensurate number 
of exchangeable cations in the interlayer spaces. Most 
preferred layered materials are smectite clay minerals 
such as montmorillonite, nontronite, beidellite, 
volkonskoite, hectorite, saponite, sauconite, 
30 magadiite, and kenyaite. 

swellable layered materials, such as the preferred 
smectite clay materials generally require treatment by 
one or more intercalants to provide the required 
interlayer swelling and/ or polymer compatibility. The 
35 resulting interlayer spacing is critical to the 

perf ormanc of th intercalated layered material in the 
practic of this invention. As used herein the "inter- 
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layer spacing- refers to the distance between the fac^ 
of^ Lyers as they are assembled in the intercalated 
Serial before any dela.ination (or exfoliation) ta^es 
place. The preferred clay materials generally include 
5 interlayer or exchangeable cations such as Na , Ca , 
Mg« and the like. In this state, these materials 
do' not delaminate in host polymer melts regardless of 
.ixing, because their interlayer spacings are usually 
equal to or less than about 4 A consequently the 
XO interlayer cohesive energy is relatively -t-"^- 

Moreover, the metal cations do not axd compatxbxlxty 
Ltween layers and the polymer melt. In the prefe^^d 
embodiments, these layered materials are intercalated 
by swelling agents of sufficient size to increase 
15 interlayer distances to the desired extent. In 

general, the interlayer distance should be at ^^^^ 
Lout 4 k. as determined by x-ray diffraction, in order 
to facilitate delamination of the layered material at 
the nanoscale. In the preferred embodiments of the 
.0 invention, the interlayer distance is at least abo^t^ 
k and more preferred interlayer distances are at least 
about 15 k. in these preferred embodiments, the 
swelling agent is an ionic species which -P^^ °^ 
exchanging with the interlayer cations such as Li , 
25 Ma- K*, Mg-^ and Ca*' and is of sufficient size to 
" "oUde thl required interlayer distance. Su^i-c 
Secies include A1-, Cu-, Fe-, NH3R-, NH^'H , 

MHRW*, m^^. Where the R', RM^ and R* are the 
same or different and are organic substituents , and the 

30 like. . ^- « 

in order to further facilitate delamination of 

layered materials into platelet particles and prevent 

reaggregation of the particles, these layers are 

preferably polymer-compatible, in cases where the 

35 polymer melt is not compatible with the layers, the 

swellabl layer d material is intercalated by . 

c lupatibilizing agents which consist of a portion which 
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bonds to th surface of the layers and another portion 
which bonds or interacts favorably with the polymer. 
In some instances, intercalants are used which are 
swelling/compatibilizing agents which provide both the 
5 swelling function and the compatibilization function. 
Such agents preferably include a moiety or moieties 
which interact with the surface of the layers 
displacing, totally or in part, the original metal ions 
and which bonds to the surface of the layers; and 
10 includes a moiety or moieties whose cohesive energies 
are sufficiently similar to that of the polymer that 
the surface of the platelets is made more compatible 
with the polymer, thereby enhancing the homogeneity of 
the dispersion in the polymeric matrix. As used herein 
15 "compatible" refers to the extent to which the polymer 
matrix and the surface coating on the platelet 
particles (the compatibilizing agent) have a favorable 
interaction which promotes the intermingling of the 
matrix polymer and the surface layer in the interphase 
20 region. Compatibility derives from one or more of the 
following criteria: similar cohesive energy densities 
for the polymer and the derivatized platelets, similar 
or complimentary capacities for dispersive, polar, or 
hydrogen bonding interactions, or other specific 
25 interactions, such as acid/base or Lewis-acid/Lewis- 
base interactions. Compatibilization will lead to an 
ia^roved dispersion of the platelet particles in the 
matrix and an improved percentage of delaminated 
platelets with a thickness of less than 50 A. 
30 The nature of the swelling/compatibilizing agent, 

swelling agent and/or compatibilizing agent will vary 
widely depending on the particular polymer and the 
particular layered material. For example, where the 
swellable layered material is a phyllosilicate as for 
35 exaa^le a smectite clay and the polymer is a 
polyolefin, polyester or polyamide such as 
polyethylene, polypropylene, poly(caprolactam) and 
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p„ly( thylene terephthalate) , swellln,/co.patiblli.ing 
agents are preferably zwltterionio and catxonic 
r^actant type Molecules, and «os. P-'-^^^ =at«n.c 
s,^£aotant type materials, oseful cat.onx= surfactants 
5 include onium species such as a,moniuB (pri»ary, 

secondary, tertiary, and ,j«ternary) , phosphonxUB or 
sulfoniUM derivatives of aliphatic, aroMtlc or 
arylaliphatio amines, phosphines and sulfides. 
SustrLive Of such materials are oxonlum cc^unds of 
10 the formula: 

where X* is an ammonivun, sulfoniuB or phosphonium 
radical such as -NH,*, -N(CH3)3% -N(CH3),(CH,CH3) , 
.S(CH,,3, -P(CH3)3 -NH,* (w-ere ^ is -(CH,^) ^and the 
15 liJce and R« is an organic radical as for ex^le 
substituted or unsubstituted alkyl, 

cycloallcyl, aryl, or allcylaryl, either unsuhstxtuted or 
substitiuted with amino, aUcylamino, diallcylaBxno, 
nitro, azido, alkenyl, alkoxy, cydoaUcyl, 

20 cydoalkenyl, alkanoyl, alkylthio, alkyl, aryloxy, 
Slalkylamino, alkylamino, arylamino, dialkylamxno, 
diarylamino, aryl, alkylsulfinyl, aryloxy, 
al^sulfinyl, alkylsulfonyl, arylthio, ^-^^-^^-f ' 
all^xycarbonyl, arylsulfonyl, alkylsilane, and a moxety 

25 of the foTOUla: 



( 



-ZCH,-CHR'),-2I^ 



30 



35 



Wherein is alXyl, cydoalkyl, aryl, H' is hydrogen, 
alkyl, or aryl, and Z is -0- or -MB?-, where R is 
h^, a^Ll, aryl or alXylsilane. "-'--"^^o' 
useful B= groups are hydrogen, alXyl, such as methyl, 
ethyl, octyl, nonyl, t«rt-butyl, neopentyl, isopropyl, 
sec-butyl, dod«:yl and the lUce; alkenyl such as 
1-propenyl, 1-butenyl, 1-pentenyl, 1-hexenyl, 
1-Lptenyl. 1-octenyl and the liKe; allcoxy such as 
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propoxy, butoxy, m thoxy, isopropoxy, pentoxy/ nonoxy, 
ethyoxy, octoxy^ and the lik ; cycloalkenyl such as 
cycl hexenyl, cyclopentenyl and the lik ; alkanoylalkyl 
such as butanoyl octadecyl, pentanoyl nonadecyl, 
5 octemoyl pentadecyl, ethanoyl undecyl, propanoyl 

hexadecyl and the like; amino; alky laminoalky 1 , such as 
methylamino octadecyl, ethylamino pentadecyl, 
butylamino nonadecyl and the like; dialkylaminoalkyl, 
such as dimethylamino octadecyl, methylethylamino 

10 nonadecyl and the like; arylaminoallcyl such as 

phenylamino octadecyl, p-methylphenylamino nonadecyl 
and the like; diary letminoalkyl, such as diphenylamino 
pentadecyl , p-nitrophenyl-p • -inethylpheny lamino 
octadecyl and the like; alkylaryleuninoalkyl, such as 

15 2-phenyl-4--methylamino pentadecyl and the like; 

alkylsulfinyl, alkylsulfonyl, alkylthio, arylthio, 
airylsulf inyl, and arylsulfonyl such as butylthio 
octadecyl, neopentylthio pentadecyl, methylsulf inyl 
nonadecyl, benzylsulfinyl pentadecyl, phenylsulfinyl 

20 octadecyl, propylthiooctadecyl, octylthio pentadecyl, 
nonylsulfonyl nonadecyl, octylsulfonyl hexadecyl, 
methylthio nonadecyl, isopropylthio octadecyl, ' 
phenylsulfonyl pentadecyl, methylsulf onyl nonadecyl, 
nonylthio pentadecyl, phenylthio octadecyl, ethylthio 

25 nonadecyl, benzylthio undecyl, phenethylthio 

pentadecyl, sec-butylthio octadecyl, naphthylthio 
undecyl and the like; alkoxycarbonylalkyl such as 
methoxycarbonyl, ethoxycarbonyl, butoxycarbonyl and the 
like; cycloalkyl such as cyclohexyl, cyclopentyl, 

30 cyclo^-octyl, cycloheptyl and the like; alkoxyalkyl such 
as methoxy-methyl, ethoxymethyl, butoxymethyl, 
propo3^ethyl, pentoxybutyl and the like; aryloxyalkyl 
and aryloxyaryl such as phenoxypheny 1 , phenoxymethyl 
and the like; aryloryalkyl such as phenoxydecy 1 , 

35 phenoxyoctyl and the like; arylalkyl such as benzyl, 
phenethyl, 8-ph nyloctyl, 10-phenyldecyl and the like; 
alkylaryl such as 3-decylphenyl, 4-octylphenyl, 4- 
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nonylphenyl and the like; and polypropylene glycol and 
polyethylene glycol substituents such as ethyl, propyl, 
butyl, phenyl, benzyl, tolyl, p-styryl, p-phenylmethyl 
chloride, octyl, dodecyl, octadecyl, methoxy-ethyl, 
moieties of the formula -ajH^COOH, -C^ioCOOH, -C^.oCOOH, 
-C^„COOH, -C,H„COOH, -C„H„COOH, -C„H»COOH, -C^aoCOOH 
and -C„H34COOH and CH=C(CH3)COOCHiCHi-, and the like, 
such ammonium, sulfonium and phosphonium radicals are 
well known in the art and can be derived from the 
corresponding amines, phosphines, and sulfides. 

Useful swelling/compatibilizing agents also include 
neutral compounds. For example useful 
swelling/compatibilizing agents include neutral amine, 
phosphine, and sulfide forms of the above-referenced 
oxonium compounds which hydrogen bond to the layers. 
In this case, the original metal cations are not 
replaced. 

Another class of swelling/compatibilizing agents 
are those which are covalently bonded to the layers. 
Illustrative of such groups useful in the practice of 
this invention are silane coupling agents of the 
formula ; 

-Si (R')jR' 

25 Where R' is the same or different at each occurrence 
and is allcyl, alkoxy or oxysilane such as 
trialkoxysilane compounds as for example 
octadecyltrimethoxysilane, gamma-aminopropyl- 
triethoxysilane, gamma-aminopropyltrimethoxysilane, 

30 gamma-aminopropylphenyldimethoxysilane, gamma- 
glycidoxypropyl tripropoxy silane, 3,3- 
epoxycyclohexylethyl trimethoxysilane, gamma- 
propionamido trithoxysilane, N-trimethoxysilylpropyl- 
N(beta-aminoethyl) amine, trimethoxysilylundecylamine, 

35 trimethoxy silyl-2-chloromethylphenylethane, 
trimethoxysilyl- thylphenylsulfonylazide, N- 
trimethoxysilylpropyl-N,N,N-trimethylammonium chloride. 



20 
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( trimethoxysilylpropyl ) -N-methyl-N , N-diallylammonium 
chloride, tximethoxysylilpropylcinnamate, 3- 
mercaptopropyl trimethoxysilane, 3-isocyanatopropyl- 
triethoxysilane, and the like; and R* is selected from 
5 the group consisting of organic radicals which are 
compatible with the polymer forming the composite. 

In other instances, it is convenient to use a 
compatibilizing agent that is different from the 
swelling agent. For example, alkylammonium cations may 

10 be used to replace the metal cations of a smectite 
mineral, and be partially replaced, in turn, by a 
silane coupling agent. In this case, the alkylammonium 
cation functions as a general pxirpose swelling agent 
while the silane can function as a compatibilizing 

15 agent that is highly specific to a selected polymer 
system. 

In the preferred embodiments of the invention, the 
swelling agent, compatibilizing agent and/or 
swelling/compatibilizing agent will include a moiety 

20 ^ich bonds to the surface of the layered material and 
will not be reactive with the polymer. Preferably the 
agent will also include a moiety ^ich does not bond 
with the layered material and which is compatible with 
the polymer. In the preferred embodiments of this 

25 invention, swelling/compatibilizing agents are 

employed, especially onium agents and silsme agents. 
In the preferred embodiments of the invention 
lipophilic swelling and compatibilizing agents are 
used. Such agents will preferably include a lipophilic 

30 portion as for example a long chain alkyl, alkenyl or 
alkylaoyl group (preferably of more than eOjout 9 
aliphatic carbon atoms) . Such agents are well known in 
the art and include silane compounds and the ammonixim, 
sulf onium and phosphonium derivatives of 

35 octadecylamine, octadecylphosphine, trimethyl dodecyl 
sulfide, octadecylsulfide, dimethyldidodecyl amin , 
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octadecylamine, dioctylphosphine, methyloctadecylamine, 
dioctylsulfine, decylsulfide and the like. 

The pref rred intercalated layered materials of the 
present art enables formation of nanocomposites with 
5 high molecular weight polymers. In such preferred 
cases, the polymer in the nanocomposites has 
substantially the same molecular weight distribution as 
obtained for the same polymer similarly processed in 
the absence of the intercalated material. In contrast, 

10 Pukushima et al. show in clay Minerals, 23, (1988) , 27 
that the number average molecular weight obtained by 
the in-reactor process substantially decreases with 
increasing weight percent of the clay in nylon-6. 
Preferred for the present invention are nanocomposites 

15 of nylon 6 in which the number average molecular weight 
is about 15,000 and the ratio of weight average to 
number average molecular weight (M„/Mn) is less than 
3.0. Especially preferred are those nanocomposites in 
which the number average molecular weight is above 

20 approximately 25,000. In contrast with these 

preferences, Pukushima et al., ( Clay minerals, 23 , 
(1988) , 27) teach that the M. for in-reactor formed 
nylon nanocomposites decreases from 36,000 at 5.30 wt % 
NH3*(CH,)ioCOOH- montmorillorite loading (M,/M„ =10.5) to 

25 15,000 (M,/H=14.0) at 18.2 intercalated wt% clay, and 
to 8,000 (M,/I^,=11.7) at 31.4 wt% of intercalated clay. 
For the purposes of this invention M„ and M, are 
measured by gel permeation chromatography in m-cresol 
at 100 'C and contributions in the distribution from 

30 unreacted caprolactam are excluded from Mn and Mw 
evaluations . 

we surprisingly found that omega-aminoacids, the 
preferred swelling/ compatibilizing agents. of U.S. 
Patent Nos. 4,739,007 and 4,810,734, are not preferred 
35 as swelling/ compatibilizing agents for swellable clay 
minerals compound d into molten polymers. Om ga- 
aminoacids do not separate the swellable clay mineral 
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layers by mor than 4 A, once the removable water has 
been eliminated from the intercalated layered . material . 
Nor are omega-aminoacids lipophilic and they do not 
make the mineral layers hydrophobic, and cannot be 
5 easily dried prior to compounding. Thus, such 
aninoacid intercalated materials and other such 
intercalated materials which are intercalated by 
molecules which tend to lie flat against the layers of 
the silicate do not readily delaminate in the polymer 
10 melt. The resulting large particles and gels which are 
present in the final polymer composite lead to a 
reduction of mechanical strength, impact resistance and 
optical clarity. In contrast, swellable mineral layers 
swollen and compatibilized with lipophilic 
15 swelling/compatibilizing agents such as the onium salts 
of hydrocarbon amines, phosphines and sulfides (such as 
cxTtadecylamine) , and silane derivatives of hydrocarbons 
(such as octadecyl-trimethoxysilane) possess no 
hydrophilic group sue* as a carboxylate group which can 
20 also bond ionically or throtigh hydrogen bonds to the 
silicate layers. As a result, the lipophilic agents 
provide interlayer spacings of more than about 4A, 
preferably more than about sA, more preferably equal to 
or greater than about loA and most preferably equal to 
25 or greater than about 15 A. These intercalants 

containing lipophilic moieties such as hydrocarbon 
moieties additionally make the layer surfaces 
hydrophobic so intercalated layered materials are 
readily dried. Consequently, layers intercalated by 
30 such lipophilic materials such as hydrocarbon onium 
salts and hydrocarbon silanes require less high shear 
mixing to exfoliate in a polymer melt, to form the 
desired dispersion and, during melt processing, desorb 
less water ^rtiich can cause void defects and react to 
35 break polymer chains of condensation polymers such as 
polyamides, polyest rs, polycarbonat s, and th like by. 
hydrolysis. Such pr f rred intercalants pr duce a 
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polymer composite which contains a high percentage 
(>95%) of silicate sheets which are dispersed, on a 
nanoscale. These composites in general display 
superior strength, toughness, and optical clarity. 

5 The amount of swelling agent/ compatibilizing agent 

and swelling/compatibilizing agents intercalated into 
swellable layered materials useful in this invention 
may vary substantially provided that the amount is 
effective to swell and, preferably to compatibilize the 

10 layers of the intercalated layered material to the 
extent required to provide the desired substantially 
uniform dispersion. In the preferred embodiments of 
the invention where swelling/compatibilizing agents are 
employed, amounts of agents employed will preferably 

15 range from about 10 mmole/lOO g of layered material to 
about 1000 mmole/lOO g of layered material. More 
preferred amounts are from about 20 mmole/lOO g to ' 
about 200 mmole/lOO g. In the case of the preferred 
smectite clay minerals, the more preferred amounts are 

20 from about 80 mmole/lOO g to about 120 mmole/lOO g of 

layered material. 

swellable and polymer-compatible intercalated 

layered material can be formed by any method. 
Preferably such materials are formed by intercalation 

25 of suitable agents or agents in the interlayer spaces 
of the swellable layered material by any suitable 
method. The swelling/compatibilizing agents are 
introduced into the interlayer spaces of the swellable 
layered material by any suitable method as, for 

30 example, by either insertion of neutral molecules or by 
ion exchange with ionic molecules, using conventional 
procedures. Insertion of neutral molecules may be 
performed by exposing finely divided layered material 
to intercalants in the form of a gas, neat liquid, 

35 finely divided solid, or solute in a solvent which, 
pr f rably swells the layered material. Insertion is 
g nerally aided by exposure of the mixture of 
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int rcalant and layered loaterial to heat, ultrasonic 
cavitation,^ or microwaves. Ion exchange by ionic 
mol cules may be performed by susp nding the layered 
material in a relatively volatile liquid which is 
5 capeJDle of both exfoliating and dispersing the layers 
of the intercalated layered material and dissolving a 
salt of the ionic intercalant as well as the resulting 
salt of the ion displaced from the layered material 
(e.g., Na'*', Mg***^, Ca*^^) , adding the salt of the ionic 

10 intercalant, and removing the layered material (now 
complexed with the new intercalant) from the liquid 
(now containing the dissolved salt of the displaced 
ion) . For example, swellable layered minerals such as 
montmorillonite and hectorite (having primarily Na"^ 

15 cations in the inter layer spaces) intercalate water to 
the point that the layers are exfoliated and dispersed 
uniformly in water. Dispersion in water is generally 
aided by mixing with relatively high shear. A suitable 
swelling/compatibilization agent such as the 

20 hydrochloride salt of dimethyldodecylamine is then 
added in the desired amount after which the layers 
complexed with the ammonium cation are separated from 
the dispersion, washed of residual NaCl, and dried. In 
the preferred embodiments of the invention, the 

25 swellable layered material is intercalated by ion 
exchange. For exemple, a suspension of a 
montorillonite or a saponite in water, may be heated to 
eibout 80 *C emd stirred using a high speed homogenizer 
mixer, in a concentration low enough to yield a low 

30 viscosity dispersion from \^ich non-dispersible 

particles can be separated by sedimentation (mineral 
concentration of about 2% by weight, or 5% to 15% with 
addition of a peptizing agent such as sodium 
hexametaphosphate) . The dispersion is combined with a 

35 solution of a suitable swelling/compatibilizing agent 
such as an ammoniitm salt (as, for exampl the 
hydrochlorides of octadecylamine, ll-aminoimdecanoic 
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acid, dioctylamine, dimethyldodecylamine, 
methyloctadecylamine, dimethyldidodecylamine, and the 
like) such that the mole ratio of ammonium salt to 
exchangeable ions in the mineral is between 0.5 and 5. 
The amine-complexed layers may be separated from the 
solution by some suitable method such as filtration or 
centrifugation, followed by rinsing, in fresh water, 
rough drying, and ball milling to about 100 mesh 
powder. The powder may be rigorously dried at 100 'C to 
160 'C in vacuum for 8 to 24 h in the presence of a 
drying agent such as phosphorous pentoxide, to provide 
the desired swellable/polymer compatible intercalated 

layered material. 

Intercalated layered materials intercalated with 

15 silanes may be formed by treating a swellable and 
polymer-compatible intercalated layered material 
already intercalated with an onium cation with a silane 
coupling agent in a swelling liquid, such as dioxane, 
glyme, diglyme, dimethylsulf oxide, methylethylketone, 

20 and the like, or by treating an aqueous suspension of a 
layered material with water-soluble silane coupling 
agents such as trialkoxysilanes. In the preferred 
embodiments, silane intercalated swellable/polymer 
compatible intercalated layered material is formed as 

25 follows: onium-intercalated layered materials, 

preferably prepared as described above are suspended 
and swollen in a swelling organic liquid and treated 
with a trialkoxysilane. For example, montmorillonite 
intercalated with octadecylammonium cation, at about 80 

30 mmole of ammonium cation/100 g mineral, is combined 

with dioxane to form a 5% by weight suspension which is 
heated to 60 'C and combined with a dioxane solution of 
aminoethylaminopropyl trimethoxysilane, such that the 
ratio of silane to mineral is about 20 mmole/ 100 g. 

35 The silane displaces the ammonium cation quantitatively 
to f rm a mixed intercalated layered material having . 
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ab ut 60 mnole of anunonium cation and 20 nmole of 
silane per 100 g of mineral layers. 

In the pr f erred exobodiments of this invention, 
swellable and polymer-compatible intercalated layered 
5 compounds include montmorillonite (Gelwhite HNF, 

Southern Clay Products) complexed with octdecylammonium 
cation (100 mmole/100 g mineral) , montmorillonite 
complexed (Volclay, American Colloids Company) with 
N,N-dimethyloctadecylammonium cation (100 mmole/100 g) , 

10 synthetic hectorite (Laponite S, Laporte Industries) 
complexed with dimethyldioctylammonium cation (80 
mmole/100 g) , commercially available organoclay 
(Claytone APA*, Southern Clay Products) , 
montmorillonite complexed with octadecylammonium cation 

15 (about 80 mmole/g) and derivatized with 

aminoethylaminopropyltrimethoxysilane (20 xomole/100 g) , 
cmd the like. 

Xhe amount of intercalated layered material 
included in the mixture may vary widely depending on 

20 the intended use of the composite. For example, 
relatively, leurger amounts of platelet particles 
(exclusive of intercalant since the intercalant content 
in the layered laaterlal may vary), i.e. from cibout 15% 
to about 30% by wgt. of the mixture, eore used in 

25 applications irtiere articles are formed by stamping. 
Substantially enhanced barrier properties and heat 
resistance (deflection temperature under load, DTUL) 
are isqpeurted by platelet particle concentrations 
greater than about 2.5%. Similarly, substantially 

30 enhanced strength is impeorted by platelet particle 
concentrations greater them about 1.5%. When it is 
desired to preserve such properties as toughness 
(impact resist£mce} £Uid elongation which are generally 
adversely affected by high loadings of any filler 

35 material including the nano-scale layered materials of 
this invention, it is preferred that th silicat 
loading be less than about 0.5%. Particle 
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concentration within the rang 0.05 to 0.5% 
significantly enhance modulus, dimensional stability, 
and wet strength (the latter in the case of 
polyamides). Concentrations below 0.5% can be employed 
5 to increase melt viscosity (useful in film extrusion 
and in fiber melt spinning) or they may be employed in 
selected polymers to stabilize a particular crystalline 
phase (useful in the case of nylon 6 to stabilize the 
gamma phase) or limit spherulite size which reduces 
10 haze and increases optical clarity. In general, the 
amount of material employed is less than about 60% by 
weight of the mixture. The amount of material employed 
is preferably from about 0.01% to about 20 % by weight 
of the mixture, more preferably from about 0.05% to 
15 about 10% by weight of the mixture, and most preferably 
from about 0.05% to about 8% by weight. 

For preferred use in forming nanocomposites, the 
swelling/compatibilizing agent is selected so that when 
subjected to the processing temperature of the matrix 
20 polymer (s); it does not evolve decompositions products 
which can cause chain scission or other degradation of 
the matrix polymers. Special care must be taken when 
polymers which require high processing temperatures are 
used. For example, quaternary ammonium cations ^ich 
25 start to thermally decompose, at about 220 to 260-C 

into alkenes and amines, may be preferred for use with 
polyvinyl chloride, polypropylene, and nylon 6, but not 
for polycarbonates. On the basis of thermal stability, 
silanes and onium cations, that cannot undergo beta- 
30 elimination are preferred, e.g., ammonium cations of 
the formula: 

[(R")3N-CR*°-CR")* 
where R*" is hydrogen or an organic moiety, R" is an 
organic moiety and R« is the same or different at each 
35 occurrence and is an organic radical. 

Th second ess ntial ingredient of the flowable 
mixture is a melt processible polymer. Polymers for 
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us in the process of this invention may vary widely, 
the only requirement is that they are melt proc ssible. 
As used herein, a "polym r" in a sxibstance composed of 
ten or more recurring monomeric units which may be the 
5 seune or different. In the preferred embodiments of the 
invention, the polymer includes at least thirty 
recurring monomeric units. The upper limit to the 
number of recurring monomeric units is not critical, 
provided that the melt index of the polymer under use 

10 conditions is such that the polymer forms a f lowable 
mixture. More preferably, the polymer includes at 
least from about 30 to about 100 recxirring monomeric 
units. In the most preferred embodiments of this 
invention the number of recurring units is such that 

15 the polymer has a melt index of from about 0.01 to 
about 12 grams per 10 minutes at the processing 
temperattire. 

Useful polymers are thermoplastic polymers or 
mixtures thereof, and vulcanizable and thermoplastic 

20 rubbers. Thermoplastic resins for use in the practice 
of this invention may vary widely. Illustrative of 
useful thermoplastic resins are polylactones sUch as 
poly(pivalolactone) , poly (capro lactone) and the like; 
polyurethanes derived from reaction of diisocyanates 

25 such as 1,5-naphthalene diisocyanate, p~phenylene 
diisocyanate, m-phenylene diisocyanate, 2,4-toluene 
diisocyanate, 4,4-'diphenylmethane diisocyanate, 3,3 »- 
dimethyl-4,4»diphenyl-methane diisocyanate, 3,3- 
•dimethyl-4,4»-biphenyl diisocyanate, 4,4'- 

30 diphenylisopropylidene diisocyanate, 3 , 3 • -dimethyl- 
4 , 4 ' -diphenyl diisocyanate, 3 , 3 • -dimethyl- 4,4«- 
diphenylmethane diisocyanate, 3 , 3 • -dimethoxy-4 , 4 » - 
biphenyl diisocyanate, dianisidine diisocyanate, 
tolidine diisocyanate, hexamethylene diisocyanate, 

35 4,4»-diisocyanatodiphenylmethane and the like and 
linear long-chain diols such as poly(tetram thylene 
adipat ), poly (ethylene adipate) , poly (1,4-butylene 
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adipate), poly(ethylene succinate), poly (2, 3 -butylene 
succinate), polyether diols and the like; 
polycarbonates such as poly [methane bis(4-phenyl) 
carbonate], poly[l,l-ether bis(4-phenyl) carbonate], 
poly [ dipheny Imethane 

bis (4-phenyl) carbonate], poly[l, 1-cyclohexane 
bis (4-phenyl) carbonate] and the like; polysulf ones; 
polyether ether ketones; polyamides such as poly C4- 
amino butyric acid), poly (hexamethy lene adipamide) , 
poly(6-aiainohexanoic acid), poly (m-xylylene adipamide), 
poly(p-xylyene sebacamide) , poly(2,2,2-trimethyl 
hexamethy lene terephthalamide) , poly (metaphenylene 
isophthalamide) (Nomex) , poly(p-phenylene 
terephthalamide) (Kevlar) , and the like; polyesters 
such as poly(ethylene azelate) , poly(ethylene-l,5- 
naphthalate, poly (1 , 4-cyclohexane dimethylene 
terephthalate), poly (ethylene oxybenzoate) (A-Tell) , 
poly(para-hydroxy benzoate) (iSconol) , poly(l,4- 
cyclohexylidene dimethylene terephthalate) (Kodel) 
(as), poly(l,4-cyclohexylidene dimethylene 
terephthalate) (Kodel) (trans), polyethylene 
terephthlate, polyburylene terephthalate and the like; 
poly(arylene oxides) such as poly ( 2, S-dimethy 1-1,4- 
phenylene oxide), poly (2, 6-dipheny 1-1,4 -pheny lene 
oxide) and the like; poly(arylene sulfides) such as 
poly(phenylene sulfide) and the like; polyether imides; 
vinyl polymers and their copolymers such as polyvinyl 
acetate, polyvinyl alcohol, polyvinyl chloride, 
polyvinyl butyral, polyvinylidene chloride, ethylene- 
vinyl acetate copolymers, and the like; polyacrylics , 
polyacrylate and their copolymers such as polyethyl 
acrylate, poly(n-butyl aery late) , 

polymethylmethacrylate, polyethyl methacrylate, poly(n- 
butyl methacrylate), poly (n-propyl methacrylate), 
polyacrylamide, polyacrylonitrile, polyacrylic acid, 
ethylene-acrylic acid copolymers, ethylene-vinyl 
alcohol c polymers acrylonitrile copolymers, methyl 
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methacrylate-styr ne copolym rs, ethylene-ethyl 
acrylate copolymers, methacrylated budadiene-styrene 
copolymers and the like; polyolefins such as low 
density poly (ethylene), poly (propylene) , chlorinated 
5 low density poly (ethylene), poly (4-methyl-l-pentene) , 
poly (ethylene), poly (styrene) , and the like; ionomers; 
poly(epichlorohydrins) ; poly(urethane) such as the 
polymerization product of diols such as glycerin, 
trimethylol-propane, 1,2,6-hexanetriol, sorbitol, 
10 pentaerythritol, polyether polyols, polyester polyols 
and the like with a polyesocyanate such as 2,4-tolylene 
diisocyanate, 2,6-tolylene diisocyante, 4,4 
diphenylmethane diisocyanate, 1,6-hexaBethylene 
diisocyanate, 4 , 4 • -dicycohexylmethane diisocyanate and 
15 the like; and polysulfones such as the reaction product 
of the sodium salt of 2,2-bis(4-hydroxyphenyl) propane 
and 4,4'-dichlorodiphenyl sulfone; furan resins such as 
poly(furan); cellulose ester plastics such as cellulose 
acetate, cellulose acetate butyrate, cellulose 
20 propionate and the like; silicones such as 

poly (dimethyl siloxane) , poly (dimethyl siloxane) , 
poly (dimethyl siloxane co-phenylmethyl siloxane), and 
the like; protein plastics; and blends of two or more 
of the foregoing. 
25 Vulcanizable and thermoplastic rubbers useful in 

the practice of this invention may also vary widely. 
Illustrative of such rubbers are brominated butyl 
rubber, chlorinated butyl rubber, polyurethane 
elastomers, fluoroelastomers, polyester elastomers, 
30 butadiene/acrylonitrile elastomers, silicone 
elastomers, poly (butadiene) , poly(isobutylene) , 
ethylene-propylene copolymers, ethylene-propylene-diene 
terpolymers, sulfonated ethylene-propylene-diene 
terpolymers, poly(chloroprene) , poly(2,3- 
35 dimethylbutadiene) , poly (butadiene-pentadiene) , 
chlorosulphonated poly ( ethylenes ) , p ly (sulfide) 
lastomers, block c p lymers, made up of s gments of 
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glassy or crystalline blocks such as poly(styrene) , 
poly (vinyl-toluene) , poly(t-butyl styrene) , polyester 
and the like and the elastomeric blocks such as 
poly (butadiene), poly ( isoprene) , ethylene-propylene 
5 copolymers, ethylene-butylene copolymers, polyether 
ester and the like as for example the copolymers in 
poly (styrene) -poly (butadiene) -poly (styrene) block 
copolymer manufactured by Shell Chemical Company under 
the trade name of Kraton® 

10 Most preferred thermoplastic polymers are 

thermoplastic polymers such as polyamides, polyesters, 
and polymers of alpha-beta unsaturated monomers and 
copolymers. Polyamides which may be used in the 
process of the present invention are synthetic linear 

15 polycarbonamides characterized by the presence of 

recurring carbonamide groups as an integral part of the 
polymer chain which are separated from one another by 
at least two carbon atoms. Polyamides of this type 
include polymers, generally known in the art as nylons, 

20 obtained from diamines and dibasic acids having the 
recurring unit represented by the general formula: 

-nhcor"cohnr"- 

in which is an alkylene group of at least 2 carbon 
atoms, preferably from about 2 to about 11 or arylene 
having at least about 6 carbon atoms, preferably about 
6 to about 17 carbon atoms; and R» is selected from r" 
and aryl groups. Also, included are copolyamides and 
terpolyamides obtained by known methods, for example, 
by condensation of hexamethylene diamine and a mixture 
of dibasic acids consisting of terephthalic acid and 
adipic acid. Polyamides of the above description are 
well-known in the art and include, for example, the 
copolyamide of 30% hexamethylene diammonium 
isophthalate and 70% hexamethylene diammonium adipate, 
35 poly (hexamethylene adipamide) (nylon 

6,6) , poly (hexamethyl ne sebacamide) (nylon 6, 10), 
p^ly (hexamethylene isophthalamide) , poly (hexamethylene 
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ter phthalamide) / poly (heptamethylene pimelamide) 
(nyl n 7,7), poly (octamethylene sixberamid ) (ay Ion 
8/8), poly(nonani thylene az lamide) (nylon 9,9) poly 
(decamethylene azelamide) (nylon 10,9), 
5 poly (decamethylene sebacamide) (nylon 10,10), 
poly [bis (4-amino cyclohexyl) methane-1 , 10-decane- 
carboxamide) ] , poly (m-xylene adipamide) , poly (p-xylene 
sebacamide) , poly ( 2 , 2 , 2 -tr imethy 1 hexamethy lene 
terephthalamide) , poly (piperazine sebacamide), poly(p- 

10 phenylene terephthalamide), poly (metaphenylene 
isophthalamide) and the like* 

Other useful polyamides are those formed by 
polymerization of suaino acids and derivatives thereof, 
as for example lactams. Illustrative of these useful 

15 polyamides are poly (4-eiminobutyric acid) (nylon 4) , 
poly(6-aminohexanoic acid) (nylon 6), poly (7- 
aminoheptanoic acid) (nylon 7), poly (8-aminooctanoic 
acid) (nylon 8), poly(9-aminononanoic acid) (nylon 9), 
poly(10-amino-decanoic acid) (nylon 10), poly (11- 

20 aminoimdecanoic acid) (nylon 11), poly (12- 

aminododecanoic acid) (nylon 12) and the like. 

Preferred polyamides for use in the practice of 
this invention are poly(caprolactam) , poly (12- 
aminododecanoic acid) and poly (hexamethy lene 

25 adipamide) • 

other polymers which may be employed in the process 
of this invention are linear polyesters. The type of 
polyester is not critical and the particular polyesters 
chosen for use in any particular situation will depend 

30 essentially on the physical properties emd features, 
i.e., tensile strength, modulus and the like, desired 
in the final form. Thus, a multiplicity of linear 
thermoplastic polyesters having wide variations in 
physical properties are suitable for use in the process 

35 of this invention. 

The particular polyest r chosen for use can be a 
hom -polyester or a co-polyester, or mixtiires thereof 
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as desired. Polyesters are normally prepared by the 
condensation of an organic dicarboxylic acid and an 
organic diols, and, therefore, illustrative examples of 
useful polyesters will be described hereinbelow in 
5 terms of these diol and dicarboxylic acid precursors. 
Polyesters which are suitable for use in this 
invention are those which are derived from the 
condensation of aromatic, cycloaliphatic, and aliphatic 
diols with aliphatic, aromatic and cycloaliphatic 

10 dicarboxylic acids and may be cycloaliphatic, aliphatic 
or aromatic polyesters. 

Exemplary of useful cycloaliphatic, aliphatic and 
aromatic polyesters which can be utilized in the 
practice of their invention are poly (ethylene 

15 terephthalate) , poly (cyclohexlenedimethylene) , 

terephthalate) poly (ethylene dodecate) , poly (butylene 
terephthalate) , poly [ ethylene ( 2 , 7-napthalate) ] , 
poly (methaphenylene isophthalate) , poly (glycolic acid), 
poly (ethylene succinate), poly (ethylene adipate) ^ 

20 poly (ethylene sebacate) , po],y(decamethylene azelate) , 
poly (ethylene sebacate), poly(decamethylene adipate) , 
poly(decamethylene sebacate), 
poly (dimethylpropio lactone) , poly (para- 
hydroxybenzoate) (Ekonol), poly (ethylene oxybenzoate) 

25 (A-tell) , poly (ethylene isophthalate), 

poly(tetramethylene terephthalate, poly(hexamethylene 
terephthalate), poly (decamethylene terephthalate), 
poly(l,4"cyclohexane dimethylene terephthalate) 
(trans), poly (ethylene 1,5-naphthalate) , poly (ethylene 

30 2,6-naphthalate) , poly(l,4-cyclohexylidene dimethylene 
terephthalate), (Kodel) (cis) , and poly (1,4- 
cyclohexylidene dimethylene terephthalate (Kodel) 
(trans) • 

Polyester compoiinds prepared from the condensation 
35 of a diol and an aromatic dicarboxylic acid are 

pr ferr d for use in this invention. Illustrative of 
such useful aromatic carboxylic acids are terephthalic 
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acid, isophthalic acid and a o-phthalic acid, 1,3- 
napthal n dicarboxylic acid, i,4-napthalen dicarboxylic 
acid, 2 , 6-napthalenedicarboxylic acid, 2,7- 
napthalenedicarboxylic acid, 4 , 4 • -diphenyldicarboxylic 
5 acid, 4 , 4 • -diphenysulf phone-dicarboxylic acid, 1,1,3- 
trimethy l-5-carboxy-3- (p-carboxyphenyl) -idane , dipheny 1 
ether 4 , 4 • -dicarboxylic acid, bis-p.(carboxy-phenyl) 
methane and the like. Of the aforementioned aromatic 
dicarboxylic acids, those based on a benzene ring (such 
10 as terephthalic acid, isophthalic acid, orthophthalic 
acid) are preferred for use in the practice of this 
invention. Amongst these preferred acid precursors, 
terephthalic acid is particularly preferred acid 
precursor. 

15 In the most preferred embodiments of this 

invention, poly (ethylene' terephthalate) , poly{butylene 
terephthalate) , and poly(l,4-cyclohexane dimethylene 
terephthalate) are the polyesters of choice. Among 
these polyesteirs of choice, poly (ethylene 

20 terephthalate) is most preferred. 

Still other useful and preferred thermoplastic 
homopolymers and copolymers are polymers formed by 
polymerization of alpha-beta-unsaturated monomers or 

the formula: 
25 r"r"OCHj 

herein: 

and I^* are the same or different and are cyano, 
phenyl, car boxy, alkylester, halo, allcyl, alJcyl 
substitizted with one or more chloro or fluoro, or 

30 hydrogen. Illustrative of such preferred homopolymers 
and copolymers are homopolymers and copolymers of 
ethylene, propylene, vinylalcohol, acrylonitrile, 
vinylidene chloride, salts of acrylic acid, salts of 
methacrylic acid, tetraf luoroethylene, 

35 chlorotrif luoroethylene, vinyl chloride and the like. 
Preferred are poly (propyl n ), propylene cop lymers. 
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poly(ethylene) and ethylene copolymers. More preferred 
are poly (ethylene) and poly (propylene) . 

in the preferred embodiments of the invention, the 
polymers of choice are polymers and copolymers of 
5 olefins, polyesters, polyamides and blends thereof 
containing polyesters. In the particularly preferred 
embodiments of the invention, polymers and copolymers 
of ethylene, polyamides (preferably nylon 6 and nylon 
66 and more preferably nylon 6) , and blends thereof are 
10 used. 

some useful polymers may be naturally compatible 
with the under ivatized layers of a layered material, 
such that the layered material requires only 
intercalation by a swelling agent to weaken its 
15 interlayer cohesive energy. These polymers include 
polyamides, polyesters, and other polymers having 
surface energies similar to that of the layers of the 
swellable layered materials. 

The preferred polyamide useful in the preferred 
20 invention has a melt index from about 0.01 to about 10 
grams/10 minutes, and preferably from 0.5 to 10 
grams/10 minutes as measured by ASTM Test No. D-1238 at 
a load of 1000 grams at 235 'C. Amongst these 
particularly preferred embodiments, most preferred are 
25 those embodiments in which the polyamide is nylon 6 or 
nylon 66, with nylon 6 being the polyamide of choice. 
The preferred homopolymers or copolymers of ethylene 
have a melt index of from about 0.01 to about 1.0 grams 
per 10 minutes, preferably from about 0.05 to about 0.8 
30 grams per 10 minutes as measured according to ASTM Test 
No. D1238 at a load of 2160 grams at 190 'C. 

The mixture may include various optional components 
which are additives commonly employed with polymers, 
such optional components include nucleating agents, 
35 fillers, plasticizers, impact modifiers, chain 
extenders, plasticizers, colorants, mold releas 
lubricants, antistatic agents, pigments, fir 
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r tardants, and the like. These optional components 
and appropriate amounts are well known to thos of 
skill in the art, accordingly, only the preferred 
optional components will be described herein in detail. 
5 In the second step of the process of this 

invention, the flowable mixture is subjected to a shear 
having an "effective shear rate". As used herein, an 
"effective shear rate" is a shear rate [as shear rate 
is defined in Ferdinemd Rodriguez, "Principles of 

10 Polymers Systems", McGraw-Hill Book Company, New York 
(1982)] which is effective to delaminate at least about 
90% by weight of the intercalated material to form 
platelet particles described above, and provide a 
composition comprising a polymeric matrix having 

15 platelet particles substantially homogeneously 

dispersed therein. In the preferred embodiments of the 
invention, the shear rate is greater than about 10 sec 
^ In these preferred embodiments of the invention, 
the upper limit for the shear rate is not critical 

20 provided that the shear rate is not so high as to 

physically degrade the polymer. In the particularly 
prefearred embodiments of the invention, the shear rate 
is from greater than about 10 sec* to abot 20,000 sec"*, 
and in the most preferred embodiments of the invention 

25 the shear rate is from cUt>out 100 sec* to about 10,000 
sec^. 

Any method which can be used to apply a shear to a 
flowable mixture or any polymer melt can be used. The 
shearing action can be provided by any appropriate 

30 method, as for example by mechanical means ^ by thermal 
shock, by pressxire alteration, or by ultrasonics. 
Methods useful in shearing melts are known in the art, 
and will not be described in great detail. In 
particularly useful procedures, the flowable polymer 

35 mixture is sheared by mechanical methods in which 
portions of the melt are caused to flow. past th r 
p rtions of the mixture by use of mechcinical m ans such 
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as stirrers, Banbury® type mixers, Brabender* type 
mixers, long continuous mixers, and extrudes, . Anoth r 
procedure employs thermal shock in which shearing is 
achieved by alternatively raising or lowering the 
5 temperature of the mixture causing thermal expansions 
and resulting in internal stresses which cause the 
shear. In still other procedures, shear is achieved by 
sudden pressure changes in pressure alteration methods; 
by ultrasonic techniques in which cavitation or 

10 resonant vibrations which cause portions of the mixture 
to vibrate or to be excited at different phases and 
thus subjected to shear. These methods of shearing 
flowable polymer mixtures and polymer melts are merely 
representative of useful methods, and any method known 

15 in the art for shearing flowable polymer mixtures and 
polymer melts may be used. 

In the preferred embodiments of the invention, 
mechanical shearing methods are employed such as by 
extrusion, injection molding machines, Banbury* type 

20 mixers, Br^ender* type mixers and the like. In the 
more preferred embodiments of the invention, shearing 
is achieved by introducing the polymer melt at one end 
of the extruder (single or double screw) and receiving 
the sheared polymer at the other end of the extruder. 

25 The temperature of the polymer melt, the length of the 
extruder, residence time of the melt in the extruder 
and the design of the extruder (single screw, twin 
screw, number of flights per unit length, channel 
depth, flight clearance, mixing zone etc.) are several 

30 variables which control the amount of shear to be 
applied. 

upon subjecting a flowable mixture of said 
swellable intercalated layered material and said 
polymer melt to shear mixing, at least about 80% by 
35 weight, preferably at least about 85% by weight, more 
pr ferably at least about 90% by weight and most 
preferably at least about 95% by weight of the layers 
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f th material delaminate to form platel t particles 
substantially hom g neously dispersed in the polymer 
matrix. As us d herein, "platelet particles" ar 
particles having two relatively flat opposite faces 
5 wherein the thickness of which is the distance between 
the faces, which is relatively small compared to the 
size of the faces. As formed by this process, the 
platelet particles dispersed in matrix polymers have 
the thickness of the individual layers, or small 

10 multiples less than about 10, preferably less than 
about 5 and more preferably less than about 3 of the 
layers, and still more prefercibly 1 or 2 layers- In 
the preferred embodiments of this invention, 
intercalation of every interlayer space is complete so 

15 that all or substantially all individual layers 

delaminate one from the other to form separate platelet 
particles. In cases where intercalation is incomplete 
between some layers, those layers will not delaminate 
in the polymer melt, and will form platelet particles 

20 comprising those layers in a coplanar aggregate. These 
latter platelet particles still constitute nanoscale 
and nanodispersed fillers and provide enhanced 
properties over and above those provided by 
conventional micro-scale fillers, as long as they are 

25 less than about 10 layers thick and preferably less 
than 5 layers thick. The other dimensions of the 
platelet particles may vary greatly, but in the case of 
particles derived from clay minerals, the particle 
faces are roughly round or oblong having average 

30 diameters between about 10,000 A and about 50 A, such 
that the aspect ratio length/thickness ranges from 
about 1000 to about 1. For the purposes of the present 
invention, the average diameter is defined as the 
diameter of a circle having an area equal to the 

35 surface area of one broad surface face of the platelet 
shaped particle. The average diameter is determined 
from particle surface area as m asured with a L itz 
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Textur Analyzer System in a fully computerized and 
automated mode. In the preferred embodiments of the 
invention the average thickness of the platelet 
particles is equal to or less than about 20 A and the 
5 average diameter is between 5,000 A and 100 A. Most 
preferably the average thickness is about 10 A. The 
most preferred average diameter depends on both the 
desired property of the nanocomposite and the ease of 
complete intercalation and delamination to form the 

10 nanocomposite structvire. High aspect ratios, and 
therefore large average diameters, are generally 
preferred for reinforcement and barrier properties, 
while layered materials having smaller platelets are 
preferred for their ease of delamination. Thus, for 

15 purposes of the nanocomposite properties, the most 

preferred average diameter is greater than about 150 A, 
and, for piirposes of delamination, it is less than 
about 3000 A. 

The average interparticle spacing between 

20 delaminated layers may vary widely after shearings, 

depending on the concentration of layered material. In 
general the higher the concentration of layered 
material in the polymer matrix particle the smaller the 
interparticle spacing; and conversely, the lower the 

25 concentration of layered material, the larger the 
interparticle spacing. In general, interparticle 
spacing is equal to or greater than 15A. The 
interparticle spacing is preferably equal to or greater 
than about 2oA more preferably equal to or greater than 

30 about 30A and most preferably equal to or greater than 
about 5oA. 

As used herein "uniformly dispersed" is defined as 
a degree of dispersion of the platelet shaped particles 
having a standard deviation in platelet particle 
35 density, down to a sampling volume of lO^m', which is 
pr fereJDly less than about 50% of the mean, more 
preferably less than about 30% of the mean, and most 
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preferably 1 ss than about 20% of the mean as 
determined from estimates bas d on transmission 
electron microscopy. 

The process of this invention is preferably carried 
5 out in the absence of air, as for exeonple in the 
presence of an inert gas, such as, argon, neon, 
nitrogen or the like. The process can be carried out 
in a batchwise or discontinuous fashion, as for 
example, carrying out the process in a sealed 

10 container. Alternatively, the process can be carried 
out in a continuous fashion in a single processing 
zone, as for example by use of an extruder, from which 
air is largely excluded, or in a pliirality of such 
reaction zones in series or parallel. 

15 The nanocomposites of this invention exhibit useful 

properties which sire superior to those predicted by 
U.S. Patent Nos. 4,739,007 and 5,810,734. Various 
useful performance indices can be devised in order to 
jointly assess different performance aspects using a 

20 single nvimber. Depending upon the nature of the 

devised index, comparisons can be made either between 
samples containing the same loading of layered material 
or the index can be more broadly applied to polymers 
having different loadings of clay. For example, the 

25 effect of adding nanoscale particulate fillers 

dis^rsed platelet particles to a polymer typically 
increases tensile modulus cmd ultimate tensile strength 
irtiile decreasing ultimate elongation. In the case 
where combinations of high modulus (Y) and high 

30 ultimate elongation (aL/L) are required, a useful 

performance index for compcuring samples with similar 
particulate loading is Y(aL/L). Likewise, when tensile 
strength (S) combined with high ultimate elongation is 
sought, a useful performance index for comparing 

35 samples with similar loading levels is S(aL/L). The 
preferred embodiments f the present invention provide 
a Y(aL/L) f above about 660 MPa (pr ferably equal to 
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r greater than about 800 MPa more preferably equal to 
or greater than about 1000 MPa and most preferably 
equal to or greater than about 1200 MPa) for a loading 
of about 2% of nanodispersed layered material such as 
5 montmorillonite in a melt processible polymer such as 
nylon 6. In contrast, the prior art patents on in- 
reactor nanocomposite blends (U.S. 4,739,007 and U.S. 
4,810,734) provide a maximum Y(aL/L) of about 660 MPa. 
Also, preferred embodiments of the present invention 

10 provide a S(aL/L) of above about 20 MPa (preferably 
equal to or greater than about 25 MPa eind more 
preferably equal to or greater than about 30 MPa) for a 
loading of about 2% intercalated layered material such 
as montmorillonite, while the maximim value for this 

15 figure of merit obtained in the above mentioned in- 

reactor process patents is about 20 MPa at 2% loading. 
While we do not wish to be boxind by any theory, it is 
believed that the unique properties of the 
nanocomposites of this invention result from the use of 

20 swelling/compatibilizing agents which do not react to 
become part of the main chain of the matrix polymer (as 
do the swelling agents preferred in the prior art U.S. 
4^739,007 and U.S. 4,810,734) ^rtien used in the in- 
reactor processes. Instead, the preferred 

25 swelling/compatibilizing agents of this invention, 

^ich remain bonded to the particle surface, interact 
with the matrix polymer in one or more of the following 
ways: (1) covalent bond formation to form branches on 
the main chains of the matrix polymer, (2) hydrogen, 

30 ion-dipole, and dipole-dipole bonding with portions of 
the matrix polymer, and (3) Van der Waals attraction 
and entanglement with the matrix polymer. 
Nanocomposites having particularly attractive 
combinations of modulus, tensile strength and ultimate 

35 elongation are formed using swelling/compatibilizing 
agents, under category (3) above, which are bonded to 
th particle sturface, and whose polymer-interacting 
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moiety projects away from the particle surface and is 
only weakly bonded to the natrix polymer. This 
function is best performed by silane compounds and 
onium compounds (especially ammoni\im compounds) of the 
5 type having a lipophilic moiety such that the surface 
tension, at 20 'C, of the derivatized particle is 
between about 55 and 15 dyne/cm, and preferably between 
45 and 20 dyne/ cm/ as determined by measuring the 
contact Euigles made by sessile drops of liquids on the 

10 solid surfaces. Illustrative of these preferred silane 
compounds and onium are silanes of the formula; - 
Si(R')^* and ammonixim cations of the formula: 
NH(R")2R" and -N(R")3R" where R' is the same or 
different at each occurrence and is alkyl, alkoxy or 

15 oxysilane; R^'' is the same or different at each 

occurrence and is alkyl and r" and R' are the same or 
different and are organic groups which £ure compatible 
with the polymer. Preferably, R" and R* are groups 
such that the silane compound or ammonium radical on 

20 the particle has a surface tension at 20 'C of less than . 
about 55 dyne/cm. The surface tension of platelet 
particles derivatized with agents containing octadecane 
moieties is estimated to be about 31 to about 38 
dyne/cm by analogy to poly (ethylene) and 

25 poly (propylene) . In contrast, the surface tension of 
11-aminoundecanoic acid is estimated to be about 59 
dyne/cm by analogy to poly (ethylene-co-acrylic acid) 
(20 mole % acrylic acid) (Polymer Handbook, Third 
Edition, J. Brandrup and E.H. Immergut, eds. (Wiley, 

30 New York, 1989) pp. VI411) . 

The nauioconqposite compositions according to the 
invention are thermoplastic and, in some cases, 
vulcanizable materials from which molded articles of 
manuf actiire having valuable properties can be produced 

35 by conventional shaping processes, such as melt 
spinning, casting, vacuum m Iding, sheet molding, 
injection m Iding and extruding. Examples f such 
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mold d articles are components for technical equipment, 
apparatus castings, household equipment, sports 
equipment, bottles, containers, components for the 
electrical and electronics industries, car components, 

5 circuits, fibers, semi-finished products which can be 
shaped by machining and the like. The use of the 
materials for coating articles by means of powder 
coating processes is also possible, as is their use as 
hot-melt adhesives. The molding compositions according 

LO to the invention are outstandingly suitable for 

specific applications of all types since their spectrum 
of properties can be modified in the desired direction 
in manifold ways. Such molded products of this 
invention will derive one or more advantages over 

15 products molded with polymers having no nanodispersed 
platelet particles including increased modulus, 
stiffness, wet strength, dimensional stability, and 
heat deflection temperature, and decreased moisture 
absorption, f lammability, permeability, and molding 

20 cycle time. 

The molding compositions according to the invention 
are outstandingly suitable for the production of sheets 
and panels having valuable properties. Such sheets and 
panels may be shaped by conventional processes such as 

25 vacuum processing or by hot pressing to form useful 
objects. The sheets and panels according to the 
invention are also suitable as coating materials for 
other materials comprising, for example, wood, glass, 
ceramic, metal or other plastics, and outstanding 

30 strengths can be achieved using conventional adhesion 
promoters, for example, those based on vinyl resins. 
The sheets and panels can also be laminated with other 
plastic films and this is preferably effected by co- 
extrusion, the sheets being bonded in the molten state. 

35 The surfaces of the sheets and panels, including those 
in the embossed form, can be improved or finished by 
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conventional methods, for* example by lacquering or by 
the application of prot ctive films. 

The compositions of this invention are specially 
useful for fabrication of extruded films and film 
5 laminates, as for exeunple, films for use in food 
packaging » Such films can be fabricated using 
conventional film extrusion techniques. The films are 
preferably from about 10 to about 100 microns, more 
preferably from about 20 to about 100 microns and most 

10 preferably from about 25 to about 75 microns in 
thickness. In the film, the major plane of the 
platelet fillers is siibstantially parallel to the major 
plane of the film. The extent of parallelism of 
particles and film can be determined by X-ray analysis. 

15 X-ray analysis is a useful way to described the 

crystallinity and orientation of polymer crystals and 
the orientation of platelet pcurbicles. A convenient 
method of X-ray analysis is that described in Hemans, 
P.H. and Weidinger A., Makromol Chemie , Vol. 44, pp. 

20 24-36 (1961), hereby incorporated by reference. 

For the purpose of the present invention Op, the 
platelet orientation factor, is an indication of the 
platelet particle orientation in the film. The pp was 
determined by making azimuthal scans from densitometer 

25 tracings of the X-ray photographs which were obtained 
by exposing the edge of the film to the incident X- 
rays. The emgle is the angle between the reference 
direction, the normal to the film, and the normal to 
the plane of interest, the major plane of the platelet. 

30 The Op values were calculated as the average cosine 

scpiare (<cos^>) for the normal to the flat faces of the 
platelet particles. An Op of 1.0 indicates that the 
faces of the platelets are completely parallel to the 
plane of the film. An Op of 0.0 indicates that the 

35 faces of the platelets are perpendicular to the plane 
of th film. Th Op of the platelets in th film of 
the pres nt invention is preferably from about 0.70 to 
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about 1.0, more preferably from about 0.90 to about 1.0 
and most preferably from about 0.95 to about 1.0. Such 
preferred orientation of platelet particles results in 
enhanced barrier properties and increased tare 

5 strength. 

The homogeneously distributed platelet particles 
and polymer are formed into a film by suitable film- 
forming methods. Typically, the composition is melted 
and forced through a film forming die. The die can be 

10 a flat die or a circular die. A typical flat die is a 
hanger shaped die, and a typical circular die is a 
tubuleur film die. 

The film of the nanocomposite of the present 
invention may go through steps to cause the platelets 

15 to be further oriented so the major planes through the 
platelets are substantially parallel to the major plane 
through the film. A method to do this is to biaxially 
stretch the film. For example, the film is stretched 
in the axial or machine direction by tension rollers 

20 pulling the film as it is extruded from the die. The 
film is simultaneously stretched in the transverse 
direction by clamping the edges of the film and drawing 
them apart. Alternatively, the film is stretched in 
the transverse direction by using a tubular film die 

25 and blowing the film up as it passes from the tubular 
film die. The films of this invention may ejdiibit one 
or more of the following benefits: increased modulus, 
wet strength, and dimensional stability, and decreased 
moisture adsorption and permeability to gases such as 

30 oxygen and liquids such as water, alcohols and other 
solvents. 

The following specific examples are presented to 
more particularly illustrate the invention and are not 
to be construed as limitations thereon. 
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Three nylon 6/inontmorillonite nanocomposites, ach 
comprising about 2% by weight montmorillonite layers, 
were prepared by extruding nylon 6 along with powdered 
5 montmorillonite intercalated with cations derived from 
11-aminoundecanoic acid (Mont-11) , octadecylamine 
(Mont-18) , and a tertiary alkylamine (in a commercial 
intercalated montmorillonite, Claytone APA™, obtained 
from Southern Clay Products) . The octadecylamine- 

10 montmorillonite complex (Mont-18) was prepared by 

combining a water/ ethanol solution of octadecylamine 
hydrochloride with a hot (60 to 80 "C) aqueous 
dispersion of montmorillonite such that the ratio of 
ethanol to water in the dispersion was about 10% by 

15 volume. The stoichiometry of the mixture was 0.11 

moles of amine per 100 g of mineral, or 1.1 equivalents 
of the mineral's ion exchange capaci^. The 
octadecylamine hydrochloride solution was prepared by 
dissolving the emine in hot ethanol and combining this 

20 solution with hot water containing a 20% excess of 
hydrochloric acid. The aqueous dispersion of . 
montmorillonite was prepared by stirring 
montmorillonite (Gel^ite HNF^, Southern Clay Products) 
into hot water (60-80 'C) for 30 min using a 

25 homogenizer, adding 5 g of a peptizing agent (sodium 

hexametaphosphate) per 100 g of mineral, and separating 
out non-dispersible particles by sedimentation. The 
Mont-18 conqplex formed a precipitate which, after 
standing 16 h, was filtered, washed 5 times with hot 

30 water, dried in a fluid bed dryer, ball milled to 100 
mesh, and rigorously dried in vacuum at 130 'C in the 
presence of phosphorus pentoxide for 16 h. The 11- 
aminoundecsmoic acid-montmorillonite complex was formed 
by a similar procedure. Claytone APA was dried in 

35 vacutm at 130 'C prior to compounding. 

The nanocoD^ site f the octadecyleimine- 
m ntmorillonite complex (Mont 18) in nylon 6 was formed 
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by feeding a mixture of nylon 6 pellets and rigorously 
dried octadecylamine-montmorillonite complex into a 
twinscrew extruder (Leistritz) equipped with general 
purpose screws and a vacuum attached to the die for 
5 devolatilization of the melt. Extruder heaters and 
screw speed were adjusted to settings used for 
processing the homopolymer. The nylon 6 nanocomposites 
of the ll-aminoundecanoic acid-montmorillonite (Mont- 
11) euid Claytone APA were formed using a similar 

10 procedvire. 

Films were formed from the nanocomposites by 
extrusion through a die. The films were evaluated for 
light transmission. The extrudate transmitted light 
without haze or distortion. 

15 The nanocomposite extrudates was dried and 

injection molded into test bars and the tensile 
strength and tensile modulus determined by the 
procedure of ASTM D638- The tensile strength and 
tensile modulus of the nylon was also evaluated for 

20 comparison purposes. The results are set forth Table 
1. Tensile bars of nylon 6 homopolymer and each of the 
nanocomposites were immersed in water at 20 for 14 
days and their tensile properties evaluated. These 
results are set forth in the following Table 2. 
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TABLE 1 



TENSILE PROPERTIES OF HYLON 6/MONTHORIIXONITE NANOCOHPOSITES 

DRY AS MOLDED 


Composite 


Tensile 
Strength, 
psi (MPa) 


Tensile 
Modulus, 
psi (MPa) 


Elongation 
% 




Nvl Am £ 

nyxon o 


(76) 


(2,530) . 


>2f)0% 


38,4 
00 


1.6%' 

montmorillonite 
( aminoundecanoic 
acid) 


13,300 
(92) 


415,000 
(2,870) 


5% 


35,9 
00 


1.7% 

montmorillonite 
(- 

octadecylamine ) 


13,200 
(91) 


440,000 
(3,040) 


25% 


37,6 
00 


2.0% 

montmorillonite 
(Claytone APA) 


13,300 
(92) 


544,000 
(3,760) 


36% 


37,4 
00 


a* percentage is weight % mineral in the composite as 
determined from the ash content. 


b. based on formic acid viscosities corrected for the 
contribution of the dispersed silicates to the measured 
viscosities • 
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TABLE 2 





TENSILE PROPERTIES 

/T /fl" TTPWCTT.!? BARS 


OF NYLON 6/MONTMORILLONITE COMPOSITES 
) TESTED AFTER 14 DAYS IN WATER AT 20c 


5 


Composite 


Tensile 
Strength, 
psi (MPa) 


Tensile 
Modulus, 
psi (MPa) 


Elongation 
% 




Nylon 6 


4,200 
(76) 


113,000 
(780) • 


>100% 


10 


X.6% 

montmorillonite 
( -aminoundecanoic 
acid) 


6,000 
(41) 


185,000 
(1,280) 


60% 




1.7% 

montmorillonite 
( -octadecy lamine ) 


6,200 
(43) 


206,000 
(1,420) 


>100% 


15 


2.0% 

montmorillonite 
(Claytone APA) 


6,200 
(43) 


220.000 
(1/520) 


>100% 



Both dry-as-molded and water-soaked nanocomposite 
tensile test bars exhibited tensile strength and 

20 modulus superior to those of the extruded nylon. Table 
1 shows that the average elongation-at-break of the two 
aUcylamxDoniuiD cation-intercalated montmorillonite 
nanocomposites, those with montmorillonite intercalated 
with octadecy lammonium cation and the quatemciry 

25 ammonium cation used in Claytone APA were superior to a 
comparable nanocomposite of 11-aminoundecanoic acid- 
montmorillonite complex. 

EXAMPLE 2 

A series of experiments were carried out to 
30 evaluate the effect of varying the concentration of 
intercalated montmorillonite (intercalated with 11- 
euninoundecctnoic acid cation, Mont-11) on the properties 
of the nylon 6 nanocomposites- In these experiments, a 
series of nylon 6/Mont-ll nanocomposites, comprising 
35 montmorillonite layers in amounts ranging from 0.26% to 
8.1% by weight, were prepared by extruding nylon-6 
pellets along with powdered Mont-11. Comparison 
sauries of homopolymer and a 9.3% composite f - 
untreated montmorillonite were extruded as well. The 
40 Mont-11 complex was prepared and processed according to 
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10 



15 



20 



25 



30 



the pr c dures d scribed in Example 1, except for the 
following chamges. An aqueous solution of 11-: 
aminoundecanoic acid hydrochloride was combined with a 
2% dispersion of montmorillonite. The more highly 
loaded composites (the 8.1% nanocomposite and the 9.3% 
con^osite of untreated montmorillonite) were prepared 
by adding an appropriate amount of the mineral 
component downstream in the extruder into already 
melted polymer. All samples were injection molded into 
test bars. The flexural strength and flexural modulus 
of the samples were evaluated by the procedtures of ASTM 
D790, cuid their heat deflection temperattires, under 264 
psi of load (DTUL 264) , were evaluated by the 
procedures of ASTM D648. The results are set forth in 
Table 3. 



t: 


ABLE 3 


Composition 


Flexuzgal 
Strength, 
psi (MPa) 


Flexural 
Modulus, 
psi (MPa) 


Deflection 
Xmperature 
at 264 psi 
(C) 


nylon 6 


15,500 
(107) 


385,000 
(2,660) 


55.6 


0.27% silicate* 


15,700 
(108) 


426,000 
(2,940) 


58.4 


0.89% silicate 


19,000 
(131? 


437,000 
(3,020) 


60.0 


4.12% silicate 


19,200 
(133) 


620,000 
(4,280) 


109.3 


8.10% silicate 


19,600 
(135) 


650,000 
(4,490) 


127.4 


9.25% clay, 

m i nter calatedf 


19,000 
(131) 


496,700 
(3430) 


59.2 



b. 



montm orillonite intercalated by 11-aminoundecanoic acid 
cation (dispersible in polymer melt). 

montmorillonite intercalated by Na"** cation (non-dispersiblc 
in polymer melt) . 



35 



As shown in Table 2, test bars of the nanocomposites 
exhibited enhanced flexural modulus over the 
homopolymer at loadings as low as 0.26% and enhanced 
flexural strength at loadings as low as 0.89%. 
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using dynamic mechanical analysis, th effect of 
temperature on the elastic modulus of the 
nanocomposites was evaluated. The results are set 
forth in FIGS 1 and 2. As shovm in FIG 1, the various 
5 nanocomposites showed comparable enhancements in their 
elastic modulus values at room temperature, but thxs 
enhancement increased substantially- at temperatures 
above the glass transition temperature Tg (ca. 75-C) . 
The composite of untreated montmorillonite exhibited 
10 greater strength and stiffness than the homopolymer, 
but not as great as the comparably loaded 
nanocomposite. As shown in FIG 2, the difference in 
elastic modulus values between the comparably loaded 
composites is particularly great at temperature above 

15 the Tg. ^ . 4.*, 

The average polymer molecular weight of xn the 
nanocomposites declined with increased loading of the 
aminoundecanoic acid-montmorillonite complex, 
presumably due to chain scission reactions between the 

20 polyamide and the complex. -Reactions with water or 
amines desorbed from the complex appeared to be, at 
most, a minor contributor to chain scission, since 
thermogravimetric analysis of the complex indicated no 
significant weight loss up to the melt processing 

25 teB^ature (ca. 260-C) that might be attributed. to 
these species. By elimination, reaction with the 
carboxylic acid portion of the ii-aminoundecanoic acid 
cation appeared to be the most likely contributor to 
chain scission. In this case, omega-amino acids appear 

30 to be not preferred for use in melt processing mxneral 
complexes with condensation polymers such as 
polyamides, polyesters, polycarbonates, and the like. 

Films of nylon 6/Mont-ll nanocomposites were 
compression molded and evaluated for their water vapor 
35 and oxygen transmissions rates at both 0% and 100% 

relative humidity, using the procedures of ASTM D3985. 
The results are set forth in the following table 4. 
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Table 4 

GAS TRANSMISSION RATES 





1 Composition 


WVTR* 


OTB^ at 0% 
Relative Humidity 


OTR'' at 100% 
Relative Humidity^ 




nylon 6 


20 


3.0 


14.3 




0.47% 
silicate 






11.0 


10 


1.55% 

1 silicate 






8.1 


R 4.12% 
H silicate 


4 


0.78 


7.5 



a. water vapor transmission rate (g-mil/lOOinVday) 

b. oxygen transmission rate (cc-mil/lOOinVday) 



As shown in Table 4, relative to nylon 6, the water 
vapor transmission rate decreased by a factor of 5 and 

20 the oxygen transmission rate (at 0% relative humidity) 
decreased by a factor of about 4 in films having about 
4% by weight platelet particles dispersed in the nylon 
and oriented by the molding process with the planes of 
the particles substantially parallel with the plane of 

25 the film. Under the plasticizing influence of 100% 
relative humidity^ the oxygen tremsmission rate was 
decreased by a factor of 1.8 at 1.55 weight % 
particles, and by a factor of 1.9 at 4.12 weight % 

particles. 
30 Tgy^MPT^H a 

A series of experiments were carried out to compare 

various properties of nanocoit^wsites formed by melt 

blending and by in-reactor compounding. Two comparable 

nemocomposites of nylon 6 were prepared: one by melt 

35 processing, and the other by in-reactor compounding. 
Both were injection molded into test bars which were 
characterized dry-as-mold d. 

The former, a 4.1% Bent nit nain composite, was 
formed by extruding powdered Bentonite intercalated with 

40 ll-aminoundecanoic acid cation with nylon 6 pell ts on a 
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single screw Killion extruder. The complex was prepared 
as described in Example 2. 

The latter, a 4.5% bentonite nanocomposite, was 
prepared by polymerizing caprolactam in the presence of 
5 the bentonite-ll-aminoundecanoic acid complex and 
aminocaproic acid (1%, by weight) . The reaction mixture 
was stirred at 255*0 in a steel resin kettle equipped 
with an "anchor" type stirrer. After 2.5 h, the 
polymerization mixture was cooled, ground into particles 
10 (ca. 2 mm in diameter), and washed 3 times, for 1 h each 
time, in boiling water. The washed composite was dried, 
extruded and pelletized, and redried. 

The two nanocomposites were qualitatively the same in 
most respects: x-ray diffraction (XRD) patterns, infra- 
15 red (IR) spectra, melting and crystallization 
temperatures (DSC) , optical microscopy, transmission 
electron microscopy . (TEM) , and mechanical properties* 
Analysis of the XRD patterns indicated that both 
composites were about 50% crystalline, had crystallite 
20 coherence lengths of 7oA to 80A. This crystalline 
portion was 80% to 90% in the gamma phase of nylon 6. IR 
confirmed the predominance of gsusma phase and indicated 
a higher concentration of silicate in the in-reactor 
composite. Optical microscopy showed that, in both 
25 composites, large spherulites were prevented from 
forming. TEM's of each composites showed peorallel 
streaks (presumed to be edge views of the layers) that 
were less than 20A thick and 300A to 1500A long. The TEM 
of the extruder-formed nanocomposite is shown in FIG 3. 
30 The tensile modulus, yield strength, and heat deflection 
temperature under load (DTUL 264 psi) were determined by 
the procedures of ASTM D638 and D648, respectively. The 
results are set forth in Table 5. 

35 
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TOLBLB S 



5 



10 



15 



20 



HYLON 6/BEN 
MONOMER BLEt 


TONITE NANOCCttiPOSITBS BY MELT MIXING and* 
roiNG AND POLYMERIZING PROCESSES (dry as 
molded) 





Tensile 
Modulus, 
psi (MPa) 


Yield 
Strength', 
psi (MPa) 


DTOL^ 
@ 264 psi 
(C) 


Hylon 6 


380,000 
(2,630) 


10,300 
(71) 


57 


melt-mixed*^ 
Nylon 6/ 
bentonite 
4.1% silicate 


610,000 
(4,210) 


13,400 
(93) 


109 


in*reactor 
nylon 

6/bentonite 
4.5% silicate 


580,000 
(4,010) 


13,400 
(93) 


129 


a. cooposites broke at or before yield; elonga 
ca. 10%. 


tion was 


1 b, heat deflection temperature under load. 


1 c* single screw extnder* 




= 



The results show that the tensile modulus and yield 
strength values of the two composites were nearly 
identical, while the heat deflection temperature of the 
in-reactor composite was 20-0 higher. We speculate that 
the difference in DTOL values reflected less complete 
exfoliation and dispersion in the polymer melt-mixed 
nanocomposite . 



Nanoconqposites of the mont-11 complex were prepared 
by extrusion with nylon lo-io, nylon 6,6-6 (6:4), and an 
amorphous polyamide, nylon 6,6-6,6-10. The compositions 
were fabricated into test bars and the flexural strength, 
flexural modulus and elongation-to-break were evaluated 
as described in Example l. The results set forth in 
Tables 6, 7 and 8. In each case, the coa^wsite exhibited 
enhanced mechanicals over the homopolymer. 



35 
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TABLE 6 



Composition 


Flexural 
Strength/ 
psi (MPa) 


Flexural 
Modulus, 
psi (MPa) 


elongation 
at>rea)c (%) 


Nylon 10,10 


9,200 
(64) 


290,500 
(2,010) 


250 


1 2% 

1 montmorillonite* 


11,000 
(76) 


370,500 
(2,560) 


20 



Table 7 



10 



Composition 


Flexural 
Strength, 
psi (MPa) 


Flexural 
Modulus, 
psi (MPa) 


Elongation 
at break 
(%) 


Nylon 6,66 


14,000 
(97) 


330,000 
(2,280) 


230 


2% 

montmorillonite* 


16,500 
(114) 


400,000 
(2,760) 


>80 


(a) Treated with 


ir aminoundecanoic acid HCl 



15 
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Cooqposition 


Tensile 
Strength (psi) 
(HPa) 


Tensile 
Modulus (psi) 
(MPa) 


El ngation 
at Break % 




Nylon 6,6-6,6-10 


5,700 
(39) 


205,000 
(1,420) 


>200 


5 


1% 

montinorillonite* 


6,800 
(47) 


275,000 
(1,900^ 


>200 




a« rtreated with 1 X-am i noundecanoic acid HCl. 



10 gXMfPI^g S 

A molding grade of nylon 6 (Grade 8202 obtained from 
Allied-Signal) was compounded with montmorillonite 
intercalated with octadecylammonium cation as described 
in Example 1. It was also compovinded with two different 

15 loading of silanized wollastonite particles for piirposes 
of comparison. 96% of the wollastonite, a needle-like 
mineral, was con^rised of particles of less than 10 
microns in length, and it was silanized with aminopropyl 
trimethoxysilane. The composites were injection molded 

20 into test samples and evaluated for their flexural 
properties and heat deflection temperatxires under 264 psi 
of load. The results are set forth in Table 9. 



1 Composition 


Flexural 
Modulus, psi 
(HPa) 


Flexural 
Strength, psi 
(MPa) 


DTUL 264 psi 
(C) 


1 wollaBtonite* 


464,000 
(3,210) 


18,100 
(125) 


59.2 


16% 

wollastonite* 


515,700 
(3,560) 


19,800 
(137) 


68.7 


6% dispersed 
silicate^ 


630,000 
(4,350) 


21,100 
(146) 


126.9 



a. silanized with aminopropyltrixDethoxysilane. - 

b. from montmorillonite intercalated with octadecylanmonium cation, 
Mont— 18. 



35 

Two nanocon^si'tes of non-polyamides were form d by 
f eding a nlxtur of int rcalated montmorillonite and 
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polymer pellets into a twinscrew extruder. One composite 
was polyethyleneterephthalate, PET, having 0.36% mineral 
derived from Claytone APA. The other was polypropyl ne 
having 0.14% mineral derived from Mont-18. Both 
composites were injection molded into test samples and 
evaluated for their tensile properties. The results are 
set forth in Tables 10 and 11. Both composites exhibited 
increases in stiffness and strength over their 
homopolymers, even at these low loadings. 



TABLE 10 



Conipositioa 


Tensile Modulus, 
psi (MPa) 


yield Strength, 
psi (MPa) 


PET* 


270,000 

(lr870) 


7,900 
(55) 


PBX/0.38% 
montmorillonite*' 


314,000 
(2,170) 


8,100 
(56) 


t: ^l^^I^r^^rLiTonL:^ intercalated with octadecylaannoniua 
cation 








Cooi^sition 


Tensile Modulus, 
psi (MPa) 


Yield Strength, 

pai (MPa) 1 


poXypropylexie 


220,000 
(1,520) 


4,900 1 
(34) 


1 polypropylene/0.14% 
H montmorillonitd' 


243,000 
(1,680) 


5,200 

(36) 1 



Claytone AJfA 



30 



35 



VXUMBhE 7 

Nanocomposites of montmorillonite, derivatized with 
silanes, and nylon 6 were formed by extruding nylon 
pellets along with silane derivatized montmorillonite 
following the procedure of Example 1. Silane-derivatized 
montmorillonite was prepared by adding the silane to a 
dispersion of Claytone APA in refluxing dioxane (100 g 
Claytone per 1000 mL dioxane) in a ratio of 70 mmole of 
silane p r 100 g of silicate in the Claytone. The 
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derivatiz d silicat was s parated by filtration from the 
dioxane and th displaced amine species. The silanes 
used were aminoethylaminopropyl (trimethoxy) silane and 
trimethoxysilyloctadecane. The tensile modulus, yield 
strength, and ultimate elongation of the nanocomposites 
were determined by the procedures of ASTM D638. The 
results are set forth in the following Table 12. 



TJJOX 12 



10 



1 Composition 


Tensile 
Modulus 
psi (MPa) 


Tensile 

Strength 

DsKMPa) 


Elongation at 
Break (%) 


— — r— 

nylon' control 


422,700 
(2,920> 


11,000 
^76) 


36 


2*66 % silicate 
aminoallcylailane 


530,400 
(3,660) 


12,100 
f83) 


10 


1.05 % silicate 
octadecylsilane 


559,300 
(3,860) 


12,600 
(87) 


45 



15 



20 



25 



The combination of tensile properties exhibited by 
the composite of octadecylsilane-derivatized silicate 
compares favorably with that of similarly loaded 
nanocon«)osites of montmorillonite derivatized by 11- 
ammoniumundeoanoic acid cation, octadecylammonium cation, 
and the quaternary ammonium cation in Claytone, as shown 
in Table 1. In addition, it unexpectedly exhibits an 
increase in elongation compared to the homopolymer as 
well as the reinforcement characteristic of the 
nanocompos ites . 



Nanocomposites of montmorillonite, derivatized by a 
30 silane coupling agent, with polypropylene are prepared by 
treating mont-18 with vinyltris (t-butylperoxy) silane (3.2 
g silane per 123 g mont-is) , drying the resulting 
coB^und at 130 "C for 6 h, and compounding the resulting 
powder with polypropylene melt in an extruder. The 
35 resulting nan composite xhibits enhanced mechanical 
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properties over nanocomposites having no silane 
txeatnent . 

A nanocomposite of montnorillonite and nylon 6, 
5 having 5. 14% silicate by weight and having a particularly 
high modulus, was formed by extruding Claytone APA wxth 
nylon 6 pellets following the procedure in Example 1. 
The tensile modulus was 727,000 psi (5,020 MPa> whxch 
constituted a 72% increase over that of the homopolymer 
10 (422,700 psi(2,920 MPa) ) . 
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WHAT IS CM^T Ifm Tgg 

1. Composite material comprising a melt px'ocessible 
polymer matrix and dispersed platelet particles having 
average thicknesses less than 50 A, and having chemical 
5 species bonded to them, said chemical species having a 
moiety which projects away from the particle surface and 
which is not covalently bonded to -the polymer matrix, 
said platelet particles being present in an amount less 
than about 60% by weight of the composite material 

10 wherein the chemical species is selected from the group 
consisting of chemical species comprising a silane 
function or onium cation function and having a group 
which is cosqpatible with the matrix polymer. 

2« Composite material as defined in claim 1, wherein 

15 the chemical species is selected from silanes of the 
formula: (SH^)^) and ammonitxm cations of the formula: 
(-NHjR"), (^NHjR^R"),- (-NH(R")jR") and (-N(R*^)3R") , where 
is the saxae or different at each occurrence and is 
alkyl, alkoxy, or oxysilane, is the same or different 

20 at each occurrence and is aUcyl, and and R" sltb the 
same or different and groups which are compatible with 
the matrix polymer. 

3. Composite material as defined in claim 1, \rtierein 
said matrix polymer is a thermoplastic polymer selected 

25 from the group consisting of polyaxaides, polyesters, 
polycarbonates, celluloses, phenolics, poly (urethanes) , 
poly ( sulf ones) , poly ( ether etherket ones ) , 
poly (esteramides) , poly (phenylenesulf ides ) , 
poly(amideimides} , polyacetals, poly (alky lene oxides), 

30 poly (pheny lene oxides), poly(imides) and polymers formed 
by the polymerization of alpha, beta-unsaturated monomers 
of the formula: R^**-C=C^, wherein R" and R" are the 
same or different and are hydrogen, hydroxy, halo, 
alkylcarbony 1 , carboxy , alkoxycarbony 1 , heterocycle , 

35 alkyl or aryl either iinsubstituted or substituted with 
ne or more substituents s lected from the group* 
consisting of alkoxy, cyano, hydroxy, alkyl, and aryl. 
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4 composite material as defined in claim 2, wher in 
R» and R« are th same or different and are moietxes 
selected from a group consisting of alkyl, cycloalkenyl, 
cycloaDcyl, aryl, or al3cylaryl, either unsubstituted or 

5 substitiuted with amino, alkylamino, dialkylamino, nxtro, 
azido, alkenyl, alkoxy, cycloalkyl, cycloalkenyl, 
alkan;yl, alkylthio, alkyl, aryloxy arylalkylamxno, 
alkylamino, arylamino, dialkylamino, diarylamxno, aryl, 
amisulfinyl, aryloxy, alkylsulf inyl, -"^^^-"^^^^^ 

10 arylthio, arylsulf inyl, alkoxycarbonyl, arylsulf ony 1 , 
alkylsilane, and a moiety of the formula: 

(-ZC2l2-CHR'),-ZR* 
Wherein is alkyl, cycloalkyl, aryl, R' is hydrogen, 
alkyl, or aryl, and Z is -O- or -NR'-, where R xs 

15 hydrogen, alkyl, aryl, or alkylsilane. 

5 composite material of claim 1 wherexn saxd 
platelet particle is less than 50 A thick. 

6 composite material of claim 5, wherexn saxd 
platelet particle is between 20 A and 7 A in thickness 

20 7. composite material .of claim 1 wherexn the 

interpartide spacing between platelet particles xs 

greater than about 15 A. . 

8. composite material of claim 1 wherexn saxd 
platelet particle is a phyllosilicate. 
25 9. An article of manufacture comprisxng a body, saxd 

body fabricated, totally or in part, from a composxte 
inaterial comprising a melt processible polymer matrxx and 
dispersed platelet particles having average thickiiesses 
less than 50 A and a maximum thickness of 100 A, and 
30 having chemical species bonded to them, said chemx«l 
species having a moiety which projects away ^^n 
p^icle surface and which is not covalently bonded to 
the polymer matrix, said platelet particles being present 
in an amount less than about 60% by weight of the 
35 compos ite material. 
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LOW PRESSURE COMPRESSION MOLDED PARTS HAVING 
NANO-PARTICLE REINFORCED PROTRUSIONS 
AND METHOD OF MAKING THE SAME 

5 BACKGROUND OF THE INVENTION 

Automobile interior trim is often engineered to minimize wall 
thickness, while maintaining desired structural characteristics. Greater wall 
thickness of such molded articles requires more raw material per unit part, 
thereby undesirably increasing the cost of production and increasing vehicle 

10 weight. Furthermore, greater wall thicknesses slow down production time due 
to longer cycling periods needed to permit cooling of thicker molded regions. 

Automotive trim components or articles, such as interior panels are often 
molded from thennoplastic to have various protrusions extending from a broad 
panel surface, which protrusions serve different fimctions. For example, some 

15 trim components are provided with stiffening ribs to reduce twisting or flexing 
of the part. The same or other trim components may be provided with fastening 
bosses that add rigidity and/or strength to areas of the part that are to be secured 
or fastened to another stmcture. For example, a screw receiving hole in a 
molded article may be surrounded by an annular protrusion for support. Such 

20 annular protrusion may also have radially outwardly extending protmsions (as an 
asterisk) to provide fiirther support. As another example, standoffs may be 
formed on the broad surface of the part to provide proper spacing from an 
abutting component. As a fiirther example, a protmsion may be in the form of a 
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dog house or cage, which is used to secure the article or trim component to some 
other part, e.g., by a hook. 

Because it is desirable to manufacture automotive parts with the least 
amount of material as possible, without sacrificing performance, it is desirable to 
5 make the types of protrusions mentioned above as small as possible, so long as 
they achieve their intended function. Oftentimes, it is desirable to make the 
protrusions with a thickness of 1/10" or less (i.e., measured in a direction parallel 
to the surface from which the protrusion protrudes and perpendicular to the 
longitudinal direction of the protrusion). 

10 It can be appreciated that protrusions of such narrow cross section may 

be subject to chipping or breakage. As the protrusion protrudes further from 
the base surface, it becomes more prone to breakage. In addition, several of 
such protrusions are of a tapered configuration terminating in a relatively 
narrow pointed tip. Such tip is often less than l/IO" thick and is highly prone 

15 to chipping. 

Of course, almost all thermoplastic automotive trim components are 
reinforced by reinforcement materials. More specifically, it is known to use 
glass fibers to reinforce thermoplastic trim components. Such glass fibers 
typically have a length on the order of about 1/8". When glass-reinforced 
20 thermoplastic materials are molded in high pressure injection molding 
operations (e.g., of pressure levels greater than 15,000 PSI), movement of the 
molten material, for example, through a gate and runner system, causes the 
glass fibers to align themselves longitudinally with the longitudinal or longer 

2 
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extent of the projection. In this manner, even though the glass fibers have a 
length greater than the thickness of the protrusions, the thickness or width of 
the aligned fibers (typically about 6-20 microns) will fit into the protrusions to 
reinforce the protrusions adequately. 
5 However, for certain applications, it is desirable to mold the 

thermoplastic articles in a low pressure compression molding method (e.g., 
less than 3,000 PSI). In such method, molten thermoplastic is introduced into 
a cavity. The mold is then closed, and excess material is squeezed between the 
die surfaces so that the molten material fills all gaps and shapes to form the 

10 part. The part can thus be finished in a one-step process. 

One drawback with the conventional low pressure compression 
molding methods, however, is that where a part is to be highly reinforced, e.g., 
requiring 25-35% by volume glass fibers, the glass reinforcement fibers inhibit 
substantial flow of molten material. As a result, the fibers do not align with 

15 the longitudinal direction of the protrusions, and an insufficient amount of 
glass fibers will enter into protrusions of thicknesses of l/IO" or less. Thus, 
these protrusions would need to be made thicker, or otherwise not be 
reinforced to the extent desirable. 

It is an object of the invention to provide a highly reinforced molded 

20 part that can be provided with equally reinforced protrusions of a thickness 
less than O.T". In order to achieve this object and to overcome the problems 
noted above, the present invention provides a reinforced molded article 
comprising a main portion which has opposing major surfaces defining a 



SUBSTITUTE SHEET (RULE 26) 



wo 00/37243 



PCT/US99/29992 



thickness of the main portion. A protrusion is integrally molded with the main 
portion and protrudes from one of the surfaces, the protrusion having a 
thickness of less than the thickness of the main portion and less than about 
0,1". The protrusion has a height of at least twice the thickness of the 
5 protrusion. The main portion and the protrusion are formed from a material 
comprising at least one thermoplastic, and about 2% to about 15%, by volume, 
of reinforcing particles. The particles each comprise one or more layers, 
wherein at least 50% of the reinforcing particles are less than about 20 layers 
thick, at least 99% of the reinforcing particles are less than about 30 layers 
10 thick, and the layers comprise platelets having a thickness of between about 
0.7 nm and 1.2 nm. 

It is a further object of the invention to provide a method of 
manufacturing a highly reinforced molded part that has the equally reinforced 
protrusions as discussed above. In accordance with this object, the present 
15 invention provides a method of producing a reinforced article comprised of a 
main portion which has opposing major surfaces defining a thickness of the 
main portion. A protrusion is integrally molded with the main portion and 
protrudes from one of the surfaces, the protrusion having a thickness of less 
than the thickness of the main portion and less than about 0.1". The protrusion 
20 has a height of at least twice the thickness of the protrusion. The method 
prepares a melt of at least one thermoplastic, and about 2% to about 15%, by 
volume, of reinforcing particles. The particles each comprise one or more 
layers. At least 50% of the reinforcing particles are less than about 20 layers 

4 
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thick, at least 99% of the reinforcing particles are less than about 30 layers 
thick, and the layers comprise platelets having a thickness of between about 
0.7 nm and 1 .2 nm. The melt is compressed between die surfaces at a pressure 
of less than 3,000 PSI, the die surfaces having recesses corresponding to the 
5 shape of the protrusions and receiving the melt, including the 2%-15% by 
volume reinforcing particles, in the recesses so that the melt conforms to the 
shape of the recesses. The melt is cooled, and the cooled portions of the melt 
that are received in the recesses form the reinforced protrusions. 

These and other objects of the invention can be more fully appreciated 
1 0 from the following detailed description of the preferred embodiments. 



BRIEF DESCRIPTION OF THE PR AWTMPtS 

A preferred embodiment of the present invention is described herein with 
reference to the drawings wherein: 

FIG. 1 is a front elevation view of an inner door panel for a motor 
vehicle manufactured in accordance with the principles of the present invention; 

FIG. 2 is a cross sectional view of a compression molding die assembly 
used in accordance with the method of the present invention; 

FIG. 3 is a perspective view, partly in cross-section, of a reinforced 
article manufactured in accordance with the principles of the present invention; 

FIG. 4. Is a perspective view, partly in cross-section, of another 
embodiment of a reinforced article manufactured in accordance with the 
principles of the present invention; 
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FIG. 5 is a cross sectional view of a compression molding die assembly 
used in accordance with another embodiment of the method of the present 
invention; and 

FIG. 6 is a cross sectional view of a compression molding die assembly 
5 used in accordance with another embodiment of the method of the present 
invention. 

DETAILED DESCR IPTION OF THE PREFERRED EMBQDIMFNTS; 

Shown in Fig. 1 , is an inner door panel for a motor vehicle, generally 
10 indicated at 1 0, and used to exemplify certain applications of the present 

invention. In Fig. 1, several projections are illustrated schematically by the use 
of dashed lines. 

For example, a plurality of stiffening ribs 12 are shown to add stiffness 
and rigidity to the panel 10, to inhibit bending, flexing or twisting of the panel. 

15 Also illustrated are an array of projections 14, which are used as structural 
supports for mounting a stereo speaker. This same region is provided with a 
plurality of bosses 16, which provide supported or reinforced holes through the 
panel 10, which hold or receive fasteners for affixing the speaker to the panel 
1 0. Also shown are a plurality of dog houses (also known as "cages") 1 8, 

20 known in the art to be used for securing other structures to the panel 10. 

Fig. 2 is a partial cross-sectional view taken through a compression 
molding apparatus used to form the articles in accordance with the present 
invention. The apparatus, generally indicated at 20, includes a first die 

6 
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Structure 22 and a second die structure 24. The die structures 22 and 24 have 
interior die surfaces 26 and 28, respectively, defining the shape of a die cavity 
corresponding to the shape of the article to be molded. 

A plastic melt 30, to be described in greater detail later, is deposited 
5 between the die surfaces 26 and 28 (e.g., on the lower die surface 28 as 
illustrated in Fig. 2). 

The surface 26 of the first die structure 22 defines a recess 32, which 
recess is used to form projections in accordance with the present invention. 

After the melt 30 is provided between the die surfaces 26, 28, the die 
10 surfaces are moved towards one another (e.g., by moving die structure 22 
downwardly towards die structure 24). Typically, peripheral portions of the 
die structures 22, 24 are brought into engagement with one another, leaving a 
die cavity between the central portions of die structures 22, 24. A sufficient 
amount of plastic melt 30 is provided between the die structures 22, 24 to fill 
15 the entire cavity completely, including any recesses 32, which are used to form 
the projections in accordance with the present invention. 

It should be appreciated that the present invention concerns 
applications wherein a projection which is to be formed as a wall thickness of 
0.1" or less. Therefore, it should be appreciated that the thickness (t) of the 
20 recess 32, which forms the projection in accordance with the present 
invention, should also be less than 0.1" thick. 

In the compression molding method, any excess plastic material 30 is 
controllably squeezed out fi-om between the surfaces 26, 28 and the die cavity 

7 

SUBSTITUTE SHEET (RULE 26) 



wo 00/37243 



PCT/US99/29992 



into receiving ports. The die cavity is maintained at pressures less than 3,000 
PSI during the molding operation. 

Fig. 3 is a partial perspective view, partly in section, of an article 40 
manufactured in accordance with the present invention. For example, this 
5 article 40 may be the door panel 10 illustrated in Fig. 1. As shown in Fig. 3, 
the article 40 comprises a main portion 42 having opposing major surfaces 44 
and 46. Preferably, surfaces 44 and 46 are substantially parallel to one 
another. The surfaces 44 and 46 define a thickness (a) of the main portion 42. 
A protrusion 50 (e.g., which may form a stiffening rib 12 in Fig. 1) is 

10 integrally molded with the main portion 42 and protrudes from surface 44. 

The protrusion 50 has a thickness (t), which is less than the thickness (a) of the 
main portion 42. In addition, the thickness (t) is less than about 0. 1". The 
protrusion 50 has a height (h) of at least twice the thickness (t) of the 
protrusion. The height (h) is at least twice the thickness (a) of the main 

15 portion 42. 

As will be described in greater detail, the plastic melt 30, and hence, 
the integrally molded main portion 42 and protrusion 50 (shown in Fig. 3 after 
being removed from the die structure 20 and cooled), are formed from a 
material comprising at least one thermoplastic, and about 2% to about 15% by 
20 volume of reinforcing particles. The reinforcing particles each comprise one 
or more layers, and at least 50% of the reinforcing particles are less than about 
20 layers thick. The layers comprise platelets having a thickness of between 
about 0.7 nm -1 .2 nm. 
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It is desirable for the thickness (t) of the protrusion 50 to be thinner 
than the main portion 42 so as to avoid the occurrence of a sink forming on the 
opposite surface 46 in the region thereof opposite the protrusion 50. The 
occurrence of this sink may occur during cooling of the material 30 where the 
5 protrusion 50 comprises a significant amount of material and would therefore 
shrink to a significant extent, drawing material from the main portion 42 
during cooling. It is preferred for the thickness (t) of the protrusion 50 to have 
a thickness of less than 80% of the thickness (a) of the main portion 42. 

hi order for the protrusion 50 to provide a sufficient amount of support 
10 for the main portion 42, the height (h) is at least twice the thickness (a) of the 
base portion 42. 

Preferably, the minimum thickness (a) of the base portion 42 is .065". 
Therefore, the minimum height (h) of the protrusion 50 is about .130". 

It should be appreciated, however, that the dog houses (or cages) 1 8 in 
15 Fig. 1 can comprise projections over 1" in height. The cyHndrical sleeves of 
the screw bosses 16 are preferably between 14" to 1" in height. 

Preferably, the height (h) of the protrusion 50 is between 2 times to 30 
times the thickness (t) of the protrusion 50. 

Irrespective of the fact that the thickness (t) of the protrusion 50 is less 
20 than 0. 1 ", it is nevertheless reinforced to the same extent as the main portion 
42, and to a greater extent than would be possible with high glass fiber 
loading. This is due to the particular nature of the molded material 30 used in 
accordance with the present invention as described below. 
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The articles (and the plastic melt from which the articles are molded) 
comprise a composite material of a polymer having dispersed therein 
reinforcement fillers in the fomi of very small mineral reinforcement particles. 
The reinforcement filler particles, also referred to as "nanoparticles" due to the 
5 magnitude of their dimensions, each comprise one or more essentially flat 
platelets. Generally, each platelet has a thickness of between about 0.7-1 .2 
nanometers. The average platelet thickness is approximately 1 nanometer. 

The preferred aspect ratio of the reinforcement particles, which is the 
largest dimension of a particle divided by the thickness of the particle, is about 

10 50 to about 300. At least 80% of the particles should be within this range. If 
too many particles have an aspect ratio above 300, the material becomes too 
viscous for forming parts in an effective and efficient manner. If too many 
particles have an aspect ratio of smaller than 50, the particle reinforcements 
will not provide the desired reinforcement characteristics. More preferably, 

15 the aspect ratio for each particle is between 100-200. Most preferably at least 
90% of the particles have an aspect ratio within the 100-200 range. 

The platelet particles or nanoparticles are derivable from larger layered 
mineral particles. Any layered mineral capable of being intercalated may be 
employed in the present invention. Layered silicate minerals are preferred. 

20 The layered silicate minerals that may be employed include natural and 

artificial minerals. Non-limiting examples of more preferred minerals include 
montmorillonite, vermiculite, hectorite, saponite, hydrotalcites, kanemite, 
sodium octosilicate, magadite, and kenyaite. Mixed Mg and Al hydroxides 
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may also be used. Various other clays can be used, such as claytone H.Y. 
Among the most preferred minerals is montmorillonite. 

To exfoliate the larger mineral particles into their constituent layers, 
different methods may be employed. For example, swellable layered minerals, 

5 such as montmorillonite and saponite are known to intercalate water to expand 
the inter layer distance of the layered mineral, thereby facilitating exfoliation 
and dispersion of the layers uniformly in water. Dispersion of layers in water 
is aided by mixing with high shear. The mineral particles may also be 
exfoliated by a shearing process in which the mineral particles are impregnated 

10 with water, then frozen, and then dried. The freeze dried particles are then 
mixed into molten polymeric material and subjected to a high sheer mixing 
operation so as to peel individual platelets from multi-platelet particles and 
thereby reduce the particle sizes to the desired range. 

The polymer composites of the present invention are prepared by 

15 combining the platelet mineral with the desired polymer in the desired ratios. 
The components can be blended by general techniques known to those skilled 
in the art. For example, the components can be blended and then melted in 
mixers or extruders. The ratios will be determined based'o'^^or example, 
desired dimensional stabilization and/or desired mechanical properties of the 

20 final molded article. 

Additional specific preferred methods, for the purposes of the present 
invention, for fomiing a polymer composite having dispersed therein 
exfoliated layered particles are disclosed in U.S. Patent Nos. 5,717,000, 
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5,747,560, 5,698,624, and WO 93/1 1 190, each of which is hereby incorporated 
by reference. For additional background, the following are also incorporated 
by reference: U.S. Patent Nos. 4,739,007 and 5,652,284. 

Generally, compression molding processes are preferred for certain 
high volume production of reinforced plastics. Automotive interior trim parts 
produced by low pressure compression molding can be very complex with fine 
detail and close dimensional tolerance. Thus, thin, reinforced molded-in 
inserts for screws, bearings, or other attachments in automotive trim may be • 
produced by compression molding according to the invention. Reinforced 
bosses or other hollow circular standoffs into which a screw can be thread may 
be made as well. Reinforced bosses having small ribs for even greater 
reinforcement are also contemplated according to the invention. Stiffening 
ribs may be integrally molded into automobile interior trim according to the 
invention. Ribs forming hooks may be reinforced according to the invention. 
All such integrally molded, reinforced protruding elements have a thickness of 
less than 1/10 inch and extend from a primary trim portion or body. 

Typical resins used in low pressure compression molding include 
nylon, polypropylene, thermoplastic polyester and polycarbonate. The process 
permits use of recycled materials, such as scrap polyolefms. Preferably, the 
thermoplastic used in the present invention is a polyolefin or a homogenous or 
copolymer blend of polyolefms. The preferred polyolefin is at least one 
member selected from the group consisting of polypropylene, ethylene- 
propylene copolymers, thermoplastic olefins (TPOs), and thermoplastic 
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polyolefin elastomers (TPEs). For high performance applications, engineering 
thermoplastics are most preferred. Such engineering thermoplastic resins may 
include polycarbonate (PC), acrylonitrile butadiene styrene (ABS), a PC/ABS 
blend, polyethylene terephthalates (PET), polybutylene terephthalates (PBT), 
polyphenylene oxide (PPO), or the like. 

The exfoliation of layered mineral particles into constituent layers need 
not be complete in order to achieve the objects of the present invention. The 
present invention contemplates that more than 50% of the particles should be 
less than about 20 nanometers in thickness. Otherwise stated, more than about 
50% of the particles should be less than about 20 platelets stacked upon one 
another in the thickness direction. In addition, at least 99% of the particles 
should have a thickness of less than about 30 layers. Preferably, at least 90 % 
of the particles should have a thickness of less than about 5 layers. It is most 
preferable to have as many particles as possible to be as small as possible, 
ideally including only a single platelet. Particles having more than 30 layers 
may behave as stress concentrators and are preferably avoided, to the extent 
possible. 

Generally, in accordance with the present invention, each of the 
automotive parts that can be manufactured in accordance with the principles of 
the present invention should contain nanoparticle reinforcement in amounts 
less than 15% by volume of the total volume of the part. The balance of the 
part is to comprise an appropriate thermoplastic material and optionally, 
suitable additives. If greater than 15% by volume of reinforcement filler is 
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used, the viscosity of the composition becomes higher than what is desirable 
for molding. Preferably, the amount of reinforcing nanoparticles is greater 
than 2% by volume, as lower amounts would not achieve the desired increase 
in strength. 

5 Preferably, relatively rigid compression molded trim parts having thin 

protrusions comprise reinforcement particles of the type described herein at 
about 2-15% of the total volume of the part, with the balance comprising the 
thermoplastic substrate. It is even more preferable for these interior panels to 
have reinforcement particles of the type contemplated herein comprising about 
1 0 3%-8% of the total volume of the part. For some applications, inclusion of 
about 3%-5% by volume reinforcing nanoparticles is optimal. 

When about 90% of the nanoparticles in the composition are less than 
5 nm in thickness, a more preferred uniform distribution of the particles occurs 
in the resin, which translates into evenly distributed resin throughout the mold 
15 cavity. The extremely small size of these reinforcing particles permits them to 
fill thin mold cavity areas less than 1/1 0 inch thick without impairing resin 
flow. A reduction to near elimination of unreinforced protrusions occurs in 
the final molded product, accordingly. 

In addition to reinforcing agents, other additives may optionally be 
20 included in the polymer composition to improve processability. For example, 
aging modifiers, such as glycerol monostearate, are usefial additives in polymer 
compositions for molding. Aging modifiers are typically present in an amount 
fi-om about 0.5% to about 5% thermoplastic resin. Release agents may also be 
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present to enhance removal of the final product fi-om the mold. Other 
additives include pigments, heat stabilizers, antioxidants, flame retardants, 
ultraviolet absorbing agents and the like. 

Reinforced articles of the invention exhibit improved properties over 
5 non-reinforced articles. For example, polyethylene articles having about 5% 
nanoparticles by volume, wherein 90% of the particles have 5 or fewer layers, 
increased flexural modulus by 2.5 to about 3 times over compositions lacking 
reinforcing nanoparticles, as measured under ASTM D790 test conditions. 
This 5% nanoparticle polyethylene article exhibited > 200% elongation to 
10 rupture. By contrast, about 25% glass fiber reinforcement is required in such 
articles to achieve an equivalent modulus. Polypropylene articles according to 
the invention showed about a 60% improvement in flexural modulus over 
articles lacking reinforcement nanoparticles. Thus, the use of reinforcing 
nanoparticles according to the invention provides articles having good flexural 
15 Stiffness. 

Fig. 4 is a partial perspective view, partly in section, and illustrating 
another appHcation of the present invention. Specifically, Fig. 4 illustrates and 
article 70 having projections forming a boss 80. The article 70 may be a panel 
10 as illustrated in Fig. 1, and boss 80 may be one of the bosses 16 illustrated 
10 in Fig. 1 . The boss 80 is formed on a main portion 82 and defines a hole 
through the article 70. The protrusion 80 is integrally compression molded 
with main portion 82. The protmsion includes a cylindrical wall portion 84 
and a plurality of radially projecting support ribs 86. The wall thickness of the 

15 
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projections is less than 0.1". For example, the wall thickness (t) of the 
cylindrical wall portion 84 is less than Q.V\ The cylindrical wall portion 84 
has a height (h) of at least twice the thickness (t). The height (h) is at least 
twice the thickness (a) of the main portion 82. The article 70 is compression 
5 molded from the same material specified with respect to the previous 

embodiment. The boss 80 is constructed and arranged to receive a fastener 
therethrough to fix a structure to article 70. 

FIG. 5 illustrates another embodiment of the method in accordance 
with the present invention. In FIG. 5, a decorative material 90 is placed 
10 between the first die structure 22 and the second die structure 24 before the hot 
melt material 30 is introduced into the die cavity. The hot melt is then injected 
or poured onto the surface of the decorative material 90 and adhered thereto as 
a result of the curing process. In one embodiment the decorative material 90 is 
selected from flexible materials, that are calendared or embossed to provide a 
15 leather-like appearance. In such an embodiment, it is preferred that the 
decorative material be selected from a group consisting of vinyl, 
polyvinylchloride/acrylonitrile, butadiene, styrene (PVC/ABS), thermoplastic 
polyolefins (TPO), polypropelene (PP),and thermoplastic polyurethanes 
(TPU). 

-0 FIG- 6 illustrates yet another embodiment of the method in accordance 

with the present invention. In FIG. 6, a decorative material 90 is again placed 
between the first die structure 22 and the second die structure 24 before the hot 
melt material 30 is introduced into the die cavity. The hot melt is then 
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injected or poured onto the surface of the decorative material 90 and adhered 
thereto as a result of the curing process. In this embodiment, the decorative 
material comprises a fabric, cloth, or carpeting layer 92 as an aesthetically 
appealing skin for the interior of the vehicle. The decorative material 90 
5 further includes a second layer 94 which is a bonded foam layer and/or a film 
layer that provide a semi-soft feel and to keep molten plastic from penetrating 
into the fabric, cloth or carpeting layer 92. 

It should be appreciated that the foregoing description is illustrative in 
nature and that the present invention includes modifications, changes, and 
10 equivalents thereof, without departure from the scope of the invention. 
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What is claimed is: 

1 . A reinforced molded article comprising: 

a main portion having opposing major surfaces defining a thickness of 
said main portion; 

a protrusion integrally molded with said main portion and protruding 
from one of said surfaces, said protrusion having a thickness of less than the 
thickness of said main portion and less than about O.T', said protrusion having 
a height of at least twice the thickness of said protrusion, 

said main portion and said protrusion being formed from a material 
comprising at least one thermoplastic, and about 2% to about 15%, by volume, 
reinforcing particles, 

said particles each comprising one or more layers, at least 50% of said 
reinforcing particles being less than about 20 layers thick, at least 99% of said 
reinforcing particles being less than about 30 layers thick, and said layers 
comprising platelets having a thickness of between about 0.7 nm and 1.2 nm. 

2, A reinforced molded article according to claim 1, further comprising a 
decorative material adhered to an opposite surface disposed on a side of said 
main portion opposite said one of said surfaces. 
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3 . A reinforced molded article according to claim 2, wherein said 
decorative material is made from a material selected from a group consisting 
of vinyl, PVC/ABS, TPO, PP, and TPU. 

4. A reinforced molded article according to claim 2, wherein said 
decorative material is made from fabric, cloth, or carpeting. 

5. A reinforced molded article according to claim 4, wherein said 
decorative material further includes has at least one of a bonded foam layer 
and a film layer disposed in contact with said opposite surface. 

6. A method of producing a reinforced article comprising a main portion 
having opposing major surfaces defining a thickness of said main portion, a 
protrusion integrally molded with said main portion and protruding from one 
of said surfaces, said protrusion having a thickness of less than the thickness of 
said main portion and less than about 0.1", said protrusion having a height of 
at least twice the thickness of said protrusion, said method comprising: 

preparing a meU of at least one thermoplastic, and about 2% to about 
15%, by volume, of reinforcing particles, 

said particles each comprising one or more layers, at least 50% of said 
reinforcing particles being less than about 20 layers thick, at least 99% of said 
reinforcing particles being less than about 30 layers thick, and said layers 
comprising platelets having a thickness of between about 0.7 nm and 1.2 nm; 
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compressing said melt between die surfaces at a pressure of less than 
3,000 PSI, said die surfaces having recesses corresponding to the shape of said 
protrusions, 

receiving said melt, including said 2%-15% by volume reinforcing 
particles, in said recesses so that said melt conforms to the shape of said 
recesses; 

cooling said melt, wherein cooled portions of said melt received in said 
recesses form said reinforced protrusions. 

7. A method according to claim 6, further comprising: 

placing a decorative material between said die surfaces and contacting 
said melt with said decorative material so as to adhere said decorative material 
to said melt. 

8. A method according to claim 7, wherein said decorative material 
contacts a surface of said die cavity opposite sai d surface having said 
recesses. 

9. A method according to claim 7, wherein said decorative material is 
made from a material selected from a group consisting of vinyl, PVC/ABS, 
TPO, PP, and TPU. 

20 
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10. A method according to claim 7, wherein said decorative material 
includes a first layer made fabric, cloth, or carpeting, and a second layer 
comprising at least one of a bonded foam layer and a film layer disposed in 
contact with said first layer, said second layer contacting said melt between 
said die surfaces to prevent said melt from permeating through said first layer. 
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A reinforced molded article 
having reinforced protrusions extending 
from the surface of the article is 
suitable for molding into automobile 
trim. The article comprises at least one 
thermoplastic; about 2 % to about 15 % 
by volume reinforcing particles having 
one or more layers of 0.7 nm-1.2 nm 
thick platelets, wherein more than about 
50 % of the reinforcing particles arc 
less than about 20 layers thick; whereby 
the reinforcing particles reinforce a 
protrusion from the surface of the 
molded article, the protrusion having 
a thickness of less than 1/10 inch. A 
method of producing reinforced articles 
comprising this reinforced protrusion 
is also disclosed. 
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LOW PRESSURE COMPRESSION MOLDED PARTS HAVING 
NANO-PARTICLE REINFORCED PROTRUSIONS 
AND METHOD OF MAKING THE SAME 



5 BACKGROUND OF THE INVENTION 

Automobile interior trim is often engineered to minimize wall thickness, while 
maintaining desired structural characteristics. Greater wall thickness of such molded 
articles requires more raw material per unit part, thereby undesirably increasing the 
cost of production and increasing vehicle weight. Furthermore, greater wall 

10 thicknesses slow down production time due to longer cycling periods needed to permit 
cooling of thicker molded regions. 

Automotive trim components or articles, such as interior panels are often molded 
from thermoplastic to have various protrusions extending from a broad panel surface, 
which protrusions serve different functions. For example, some trim components are 

15 provided with stiffening ribs to reduce twisting or flexing of the part. The same or other 
trim components may be provided with fastening bosses that add rigidity and/or strength 
to areas of the part that are to be secured or fastened to another structure. For example, a 
screw receiving hole in a molded article may be surrounded by an annular protrusion for 
support. Such annular protrusion may also have radially outwardly extending 

20 protrusions {as an asterisk) to provide further support. As another example, standoffs 
may be fomied on the broad surface of the pan to provide proper spacing from an 
abutting component. As a further example, a protrusion may be in the form of a dog 
house or cage, which is used to secure the article or trim component to some other part, 
e.g., by a hook. 
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Because ii is desirable to manufacture automotive parts with the least amount of 
material as possible, without sacrificing performance, it is desirable to make the types of 
protrusions mentioned above as small as possible, so long as they achieve their intended 
function. Oftentimes, it is desirable to make the protrusions with a thickness of 1/10" or 
less (i.e., measured in a direction parallel to the surface from which the protrusion 
protrudes and perpendicular to the longitudinal direction of the protrusion). 

It can be appreciated that protrusions of such narrow cross section may be 
subject to chipping or breakage. As the protrusion protrudes further from the base 
surface, it becomes more prone to breakage. In addition, several of such protrusions 
are of a tapered configuration terminating in a relatively narrow pointed tip. Such tip 
is often less than 1/10" thick and is highly prone to chipping. 

Of course, almost all thermoplastic automotive trim components are reinforced 
by reinforcement materials. More specifically, it is known to use glass fibers to 
reinforce thermoplastic trim components. Such glass fibers typically have a length on 
the order of about 1/8". When glass-reinforced thermoplastic materials are molded in 
high pressure injection molding operations (e.g., of pressure levels greater than 15,000 
PSI), movement of the molten material, for example, through a gate and runner 
system, causes the glass fibers to align themselves longitudinally with the longitudinal 
or longer extent of the projection. In this manner, even though the glass fibers have a 
length greater than the thickness of the protrusions, the thickness or width of the 
aligned fibers (typically about 6-20 microns) will fit into the protrusions to reinforce 
the protrusions adequately. 

However, for certain applications, it is desirable to mold the thermoplastic 
articles in a low pressure compression molding method (e.g., less than 3,000 PSI), In 
such method, molten thermoplastic is introduced into a cavity. The mold is then 
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closed, and excess material is squeezed between the die surfaces so that the molten 
material fills all gaps and shapes to form the part. The part can thus be finished in a 
one-step process. 

One drawback with the conventional low pressure compression molding 
5 methods, however, is that where a pan is to be highly reinforced, e.g., requiring 25- 
35% by volume glass fibers, the glass reinforcement fibers inhibit substantial flow of 
molten material. As a result, the fibers do not align with the longitudinal direction of 
the protrusions, and an insufficient amount of glass fibers will enter into protrusions 
of thicknesses of 1/10" or less. Thus, these protrusions would need to be made 

10 thicker, or otherwise not be reinforced to the extent desirable. 

It is an object of the invention to provide a highly reinforced molded part that 
can be provided with equally reinforced protrusions of a thickness less than 0.1", In 
order to achieve this object and to overcome the problems noted above, the present 
invention provides a reinforced molded article comprising a main portion which has 

15 opposing major surfaces defining a thickness of the main portion. A protrusion is 
integrally molded with the main ponion and protrudes from one of the surfaces, the 
protrusion having a thickness of less than the thickness of the main portion and less 
than about 0.1". The protrusion has a height of at least twice the thickness of the 
protrusion. The main portion and the protrusion are formed from a material 

20 comprising at least one thermoplastic, and about 2% to about 15%, by volume, of 
reinforcing particles. The particles each comprise one or more layers, wherein at least 
50% of the reinforcing particles are less than about 20 layers thick, at least 99% of the 
reinforcing particles are less than about 30 layers thick, and the layers comprise 
platelets having a thickness of between about 0.7 nm and 1.2 nm. 



3 
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It is a funher object of the invention lo provide a method of manufacturing a 
highly reinforced molded part that has the equally reinforced protrusions as discussed 
above. In accordance with this object, the present invention provides a method of 
producing a reinforced anicle comprised of a main portion which has opposing major 
surfaces defining a thickness of the main portion. A protrusion is integrally molded 
with the main portion and protrudes from one of the surfaces, the protrusion having a 
thickness of less than the thickness of the main portion and less than about 0.1". The 
protrusion has a height of at least twice the thickness of the protrusion. The method 
prepares a melt of at least one thermoplastic, and about 2% to about 15%, by volume, 
of reinforcing particles. The particles each comprise one or more layers. At least 50% 
of the reinforcing particles are less than about 20 layers thick, at least 99% of the 
reinforcing particles are less than about 30 layers thick, and the layers comprise 
platelets having a thickness of between about 0.7 nm and 1.2 nm. The melt is 
compressed between die surfaces at a pressure of less than 3,000 PSl, the die surfaces 
having recesses corresponding to the shape of the protrusions and receiving the melt, 
including the 2%-15% by volume reinforcing particles, in the recesses so that the melt 
conforms to the shape of the recesses. The melt is cooled, and the cooled portions of 
the melt that are received in the recesses form the reinforced protrusions. 

These and other objects of the invention can be more fully appreciated from 
the following detailed description of the preferred embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A preferred embodiment of the present invention is described herein with 
reference to the drawings wherein: 
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FIG, 1 is a front elevation view of an inner door panel for a motor vehicle 
manufactured in accordance with the principles of the present invention; 

FIG. 2 is a cross sectional view of a compression molding die assembly used in 
accordance with the method of the present invention; 
5 FIG. 3 is a perspective view, partly in cross-section, of a reinforced article 

manufactured in accordance with the principles of the present invention; 

FIG. 4. Is a perspective view, partly in cross-section, of another embodiment of a 
reinforced article manufactured in accordance with the principles of the present 
invention; 

10 FIG. 5 is a cross sectional view of a compression molding die assembly used in 

accordance with another embodiment of the method of the present invention; and 

FIG. 6 is a cross sectional view of a compression molding die assembly used in 
accordance with another embodiment of the method of the present invention. 



15 DFT ATT F.D DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Shown in Fig, 1 , is an inner door panel for a motor vehicle, generally indicated 
at 10, and used to exemplify certain applications of the present invention. In Fig. 1, 
several projections are illustrated schematically by the use of dashed lines. 

For example, a plurality of stiffening ribs 12 are shown to add stiffness and 

20 rigidity to the panel 1 0, to inhibit bending, flexing or twisting of the panel. Also 
illustrated are an array of projections 14, which are used as structural supports for 
mounting a stereo speaker. This same region is provided with a plurality of bosses 16, 
which provide supported or reinforced holes through the panel 10, which hold or 
receive fasteners for affixing the speaker to the panel 10. Also shown are a plurality 



5 
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of dog houses (also known as "cages") 1 8, known in the an to be used for securing 
other structures to the panel 10. 

Fig. 2 is a partial cross-sectional view taken through a compression molding 
apparatus used to form the anicles in accordance with the present invention. The 
5 apparatus, generally indicated at 20, includes a first die structure 22 and a second die 
structure 24. The die structures 22 and 24 have interior die surfaces 26 and 28, 
respectively, defining the shape of a die cavity corresponding to the shape of the 
article to be molded. 

A plastic melt 30, to be described in greater detail later, is deposited between 
10 the die surfaces 26 and 28 (e.g., on the lower die surface 28 as illustrated in Fig. 2). 

The surface 26 of the first die structure 22 defines a recess 32, which recess is 
used to form projections in accordance with the present invention. 

After the melt 30 is provided between the die surfaces 26, 28, the die surfaces 
are moved towards one another (e.g., by moving die structure 22 downwardly towards 
15 die structure 24). Typically, peripheral portions of the die structures 22, 24 are 

brought into engagement with one another, leaving a die cavity between the central 
portions of die structures 22, 24. A sufficient amount of plastic melt 30 is provided 
between the die structures 22, 24 to fill the entire cavity completely, including any 
recesses 32, which are used to form the projections in accordance with the present 
20 invention. 

It should be appreciated that the present invention concerns applications 
wherein a projection which is to be formed as a wall thickness of 0.1" or less. 
Therefore, it should be appreciated that the thickness (t) of the recess 32, which forms 
the projection in accordance with the present invention, should also be less than 0.1" 
25 thick. 
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In the compression molding method, any excess plastic material 30 is 
controllably squeezed out from between the surfaces 26, 28 and the die cavity into 
receiving pons. The die cavity is maintained at pressures less than 3,000 PSI during 
the molding operation. 

Fig. 3 is a partial perspective view, partly in section, of an arUcle 40 
manufactured in accordance with the present invention. For example, this article 40 
may be the door panel 10 illustrated in Fig. 1 . As shown in Fig. 3, the article 40 
comprises a main portion 42 having opposing major surfaces 44 and 46. Preferably, 
surfaces 44 and 46 are substantially parallel to one another. The surfaces 44 and 46 
define a thickness (a) of the main ponion 42. A protrusion 50 (e.g., which may form a 
stiffening rib 12 in Fig. 1) is integrally molded with the main portion 42 and protrudes 
from surface 44. The protrusion 50 has a thickness (t), which is less than the 
thickness (a) of the main portion 42. In addition, the thickness (t) is less than about 
0.1". The protrusion 50 has a height (h) of at least twice the thickness (t) of the 
protrusion. The height (h) is at least twice the thickness (a) of the main portion 42. 

As will be described in greater detail, the plastic melt 30, and hence, the 
integrally molded main portion 42 and protrusion 50 (shown in Fig. 3 after being 
removed from the die structure 20 and cooled), are formed from a material comprising 
at least one thermoplastic, and about 2% to about 15% by volume of reinforcing 
particles. The reinforcing particles each comprise one or more layers, and at least 
50% of the reinforcing particles are less than about 20 layers thick. The layers 
comprise platelets having a thickness of between about 0.7 nm -1 .2 nm. 

It is desirable for the thickness (t) of the protrusion 50 to be thinner than the 
main ponion 42 so as to avoid the occurrence of a sink fomiing on the opposite 
surface 46 in the region thereof opposite the protnision 50. The occunence of this 
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sink may occur during cooling of the materia] 30 where the protrasion 50 comprises a 
significant amount of material and would therefore shrink to a significant extent, 
drawing material from the main ponion 42 during cooling. It is preferred for the 
thickness (t) of the protrusion 50 to have a thickness of less than 80% of the thickness 
(a) of the main portion 42. 

In order for the protrusion 50 to provide a sufficient amount of support for the 
main portion 42, the height (h) is at least twice the thickness (a) of the base portion 
42. 

Preferably, the minimum thickness (a) of the base portion 42 is .065". 
Therefore, the minimum height (h) of the protrusion 50 is about .130". 

It should be appreciated, however, that the dog houses (or cages) 1 8 in Fig. ] 
can comprise projections over 1" in height. The cylindrical sleeves of the screw 
bosses 16 are preferably between Va" to 1" in height. 

Preferably, the height (h) of the protnasion 50 is between 2 times to 30 times 
the thickness (t) of the protrasion 50. 

Irrespective of the fact that the thickness (t) of the protrasion 50 is less than 
0.1", it is nevertheless reinforced to the same extent as the main portion 42, and to a 
greater extent than would be possible with high glass fiber loading. This is due to the 
particular nature of the molded materia] 30 used in accordance with the present 
invention as described below. 

The articles (and the plastic melt from which the articles are molded) comprise 
a composite materia] of a polymer having dispersed therein reinforcement fillers in the 
form of very small mineral reinforcement particles. The reinforcement filler particles, 
also refen^ to as "nanoparticles" due to the magnitude of their dimensions, each 
comprise one or more essentially fiat platelets. Generally, each platelet has a 



wo 00/37243 



PCT/US99/29992 



thickness of between about 0.7-1 .2 nanometers. The average platelet thickness is 
approximately 1 nanometer. 

The preferred aspect ratio of the reinforcement particles, which is the largest 
dimension of a panicle divided by the thickness of the particle, is about 50 to about 



have an aspect ratio above 300, the material becomes too viscous for forming parts in 
an effective and efficient manner. If too many particles have an aspect ratio of smaller 
than 50, the particle reinforcements will not provide the desired reinforcement 
characteristics. More preferably, the aspect ratio for each particle is between 100-200. 
Most preferably at least 90% of the particles have an aspect ratio within the 100-200 
range. 

The platelet particles or nanoparticles are derivable from larger layered 
mineral particles. Any layered mineral capable of being intercalated may be employed 
in the present invention. Layered silicate minerals are preferred. The layered silicate 
minerals that may be employed include natural and artificial minerals. Non-limiting 
examples of more preferred minerals include montmorillonite, vermiculite, hectorite, 
saponite, hydrotalciies, kanemite, sodium octosilicate, magadite, and kenyaite. Mixed 
Mg and AJ hydroxides may also be used. Various other clays can be used, such as 
claytone H.Y. Among the most preferred minerals is montmorillonite. 

To exfoliate the larger mineral particles into their constituent layers, different 
methods may be employed. For example, swellable layered minerals, such as 
montmorillonite and saponite are known to intercalate water to expand the inter layer 
distance of the layered mineral, thereby facilitating exfoliation and dispersion of the 
layers uniformly in water. Dispersion of layers in water is aided by mixing with high 
shear. The mineral particles may also be exfoliated by a shearing process in which the 



300. At least 80% of the panicles should be within this range. If too many particles 
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mineral partides are impregnated with water, then frozen, and then dried. The freeze 
dried particles are then mixed into molten polymeric material and subjected to a high 
sheer mixing operation so as to peel individual platelets from multi-platelet panicles 
and thereby reduce the particle sizes to the desired range. 
5 The polymer composites of the present invention are prepared by combining 

the platelet mineral with the desired polymer in the desired ratios. The components 
can be blended by general techniques known to those skilled in the art. For example, 
the components can be blended and then melted in mixers or extruders. The ratios 
will be detennined based on, for example, desired dimensional stabilization and/or 
desired mechanical properties of the final molded article. 

Additional specific prefen-ed methods, for the putposes of the present 
invention, for forming a polymer composite having dispersed therein exfoliated 
layered particles are disclosed in U.S. Patent Nos. 5.717,000, 5.747.560, 5,698.624, 

andWO93/llI90,eachofwhichisherebyincotporatedbyreference. For additional 
background, the following are also incorporated by reference: U.S. Patem Nos. 
4.739,007 and 5.652,284. 

Generally, compression molding processes are preferred for certain high 
volume production of reinforced plastics. Automotive interior trim parts produced by 
low pressure compression molding can be very complex with fine detail and close 
dimensional tolerance. Thus, thin, reinforced molded-in inserts for screws, bearings, 
or other attachments in automotive trim may be produced by compression molding 
according to the invention. Reinforced bosses or other hollow circular standoffs into 
Which a sctew can be thread may be made as well. Reinforced bosses having small 
ribs for even greater reinforcement are also contemplated according to the invenUon. 
Stiffening ribs may be integrally molded into automobile interior trim according to the 

10 
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invention. Ribs forming hooks may be reinforced according to the invention. All 
such integrally molded, reinforced protruding elements have a thickness of less than 
1/10 inch and extend from a primary trim ponion or body. 

Typical resins used in low pressure compression molding include nylon, 
polypropylene, thermoplastic polyester and polycarbonate. The process permits use of 
recycled materials, such as scrap polyolefins. Preferably, the themoplastic used in the 
present invention is a polyolefm or a homogenous or copolymer blend of polyolefins. 
The preferred polyolefm is at least one member selected from the group consisting of 
polypropylene, ethylene-propylene copolymers, thermoplastic olefins (TPOs), and 
thermoplastic polyolefm elastomers (TPEs). For high performance applications, 
engineering themioplastics are most preferred. Such engineering thermoplastic resins 
may include polycarbonate (PC), acrylonitrile butadiene styrene (ABS), a PC/ABS 
blend, polyethylene terephthalates (PET), polybutylene terephthalates (PBT), 
polyphenylene oxide (PPO), or the like. 

The exfoliation of layered mineral particles into constituent layers need not be 
complete in order to achieve the objects of the present invention. The present 
invention contemplates that more than 50% of the particles should be less than about 
20 nanometers in thickness. Otherwise stated, more than about 50% of the particles 
should be less than about 20 platelets stacked upon one another in the thickness 
direction. In addition, at least 99% of the particles should have a thickness of less 
than about 30 layers. Preferably, at least 90 % of the particles should have a thickness 
of less than about 5 layers. It is most preferable to have as many particles as possible 
to be as small as possible, ideally including only a single platelet. Panicles having 
more than 30 layers may behave as stress concentrators and are preferably avoided, to 
the extent possible. 
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Generally, in accordance with the present invention, each of the automotive 
parts that can be manufactured in accordance with the principles of the present 
invention should contain nanopanicle reinforcement in amounts less than 15% by 
volume of the total volume of the pan. The balance of the part is to comprise an 
appropriate thermoplastic material and optionally, suitable additives. If greater than 
15% by volume of reinforcement filler is used, the viscosity of the composition 
becomes higher than what is desirable for molding. Preferably, the amount of 
reinforcing nanoparticles is greater than 2% by volume, as lower amounts would not 
achieve the desired increase in strength. 

Preferably, relatively rigid compression molded trim parts having thin 
protrusions comprise reinforcement panicles of the type described herein at about 2- 
15% of the total volume of the pan, with the balance comprising the thermoplastic 
substrate. It is even more preferable for these interior panels to have reinforcement 
particles of the type contemplated herein comprising about 3%-8% of the total volume 
of the part. For some applications, inclusion of about 3%-5% by volume reinforcing 
nanoparticles is optimal. 

When about 90% of the nanoparticles in the composition are less than 5 nm in 
thickness, a more preferred uniform distribution of the particles occurs in the resin, 
which translates into evenly distributed resin throughout the mold cavity. The 
extremely small size of these reinforcing particles permits them to fill thin mold cavity 
areas less than 1/10 inch thick without impairing resin flow. A reduction to near 
elimination of unreinforced protrusions occurs in the final molded product, 
accordingly. 

In addition to reinforcing agents, other additives may optionally be included in 
the polymer composition to improve processability. For example, aging modifiers, 

12 




wo 00/37243 

such as glycerol monostearate, are useful additives in polymer compositions for 
molding. Aging modifiers are typically present in an amount from about 0.5% to 
about 5% thermoplastic resin. Release agents may also be present to enhance removal 
of the final product from the mold. Other additives include pigments, heat stabilizers, 
antioxidants, flame retardants, ultraviolet absorbing agents and the like. 

Reinforced articles of the invention exhibit improved properties over non- 
reinforced articles. For example, polyethylene articles having about 5% nanoparticles 
by volume, wherein 90% of the particles have 5 or fewer layers, increased flexural 
modulus by 2.5 to about 3 times over compositions lacking reinforcing nanoparticles. 
as measured under ASTM D790 lest conditions. This 5% nanoparticle polyethylene 
article exhibited > 200% elongation to rupture. By contrast, about 25% glass fiber 
reinforcement is required in such articles to achieve an equivalent modulus. 
Polypropylene articles according to the invention showed about a 60% improvement 
in flexural modulus over articles lacking reinforcement nanoparticles. Thus, the use 
of reinforcing nanoparticles according to the invention provides articles having good 
flexural stiffness. 

Fig. 4 is a partial perspective view, panly in section, and illustrating another 
application of the present invention. Specifically, Fig. 4 illustrates and article 70 
having projections fonning a boss 80. The article 70 may be a panel 10 as illustrated 
in Fig. 1 , and boss 80 may be one of the bosses 1 6 illustrated in Fig. 1 . The boss 80 is 
fonned on a main portion 82 and defines a hole through the article 70. The protnision 
80 is integrally compression molded with main portion 82. The protrtision includes a 
cylindrical wall portion 84 and a plurality of radially projecting support ribs 86. The 
wall thickness of the projections is less than 0.1". For example, the wall thickness (t) 
of the cylindrical wall portion 84 is less than 0.1". The cylindrical wall portion 84 
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has a height (h) of at least twice the thickness ft). The height (h) is at least twice the 
thickness (a) of the main portion 82. The anicle 70 is compression molded from the 
same material specified with respect to the previous embodiment. The boss 80 is 
constructed and arranged to receive a fastener therethrough to fix a structure to article 
5 70. 

FIG. 5 illustrates another embodiment of the method in accordance with the 
present invention. In FIG. 5, a decorative material 90 is placed between the first die 
structure 22 and the second die structure 24 before the hot melt material 30 is 
introduced into the die cavity. The hot melt is then injected or poured onto the surface 

10 of the decorative material 90 and adhered thereto as a result of the curing process. In 
one embodiment the decorative material 90 is selected from flexible materials, that are 
calendared or embossed to provide a leather-like appearance. In such an embodiment, 
it is preferred that the decorative material be selected from a group consisting of vinyl, 
polyvinylchloride/acrylonitrile, butadiene, styrene (PVC/ABS), thermoplastic 

15 polyolefins (TPO), polypropelene CPP),and thermoplastic polyurethanes (TPU). 

FIG. 6 illustrates yet another embodiment of the method in accordance with 
the present invention. In FIG. 6, a decorative material 90 is again placed between the 
first die structure 22 and the second die structure 24 before the hot melt material 30 is 
introduced into the die cavity. The hot melt is then injected or poured onto the 

20 surface of the decorative material 90 and adhered thereto as a result of the curing 
process. In this embodiment, the decorative material comprises a fabric, cloth, or 
carpeting layer 92 as an aesthetically appealing skin for the interior of the vehicle, • 
The decorative material 90 further includes a second layer 94 which is a bonded foam 
layer and/or a film layer that provide a semi-soft feel and to keep molten plastic from 

25 penetrating into the fabric, cloth or carpeting layer 92. 
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It should be appreciated that the foregoing description is illustrative in nature 
and that the present invention includes modifications, changes, and equivalents 
thereof, without departure from the scope of the invention. 
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What is claimed is: 

1 . A reinforced molded article comprising: 

a main portion having opposing major surfaces defining a thickness of said 
main portion; 

a protrusion integrally molded with said main portion and protruding from one 
of said surfaces, said protrusion having a thickness of less than the thickness of said 
main portion and less than about 0.1", said protrusion having a height of at least twice 
the thickness of said protrusion, 

said main portion and said protmsion being formed from a material 
comprising at least one thermoplastic, and about 2% to about 15%, by volume, 
reinforcing particles, 

said particles each comprising one or more layers, at least 50% of said 
reinforcing particles being less than about 20 layers thick, at least 99% of said 
reinforcing particles being less than about 30 layers thick, and said layers comprising 
platelets having a thickness of between about 0,7 nm and 1.2 nm. 

2. A reinforced molded article according to claim 1, further comprising a 
decorative material adhered to an opposite surface disposed on a side of said main 
portion opposite said one of said surfaces, 

3. A reinforced molded article according to claim 2, wherein said decorative 
material is made from a material selected from a group consisting of vinyl, PVC/ABS, 
TPO. PP, and TPU. 
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4. A reinforced molded article according lo claim 2, wherein said decorative 
material is made from fabric, cloth, or carpeting. 



5. A reinforced molded article according to claim 4, wherein said decorative 
material further includes has at least one of a bonded foam layer and a film layer 
disposed in contact with said opposite surface. 

6. A method of producing a reinforced article comprising a main portion having 
opposing major surfaces defining a thickness of said main portion, a protrusion 
integrally molded with said main ponion and protruding from one of said surfaces, 
said protrusion having a thickness of less than the thickness of said main portion and 
less than about 0.1", said protrusion having a height of at least twice the thickness of 
said protrusion, said method comprising: 

preparing a melt of at least one thermoplastic, and about 2% to about 15%, by 
volume, of reinforcing particles, 

said particles each comprising one or more layers, at least 50% of said 
reinforcing particles being less than about 20 layers thick, at least 99% of said 
reinforcing particles being less than about 30 layers thick, and said layers comprising 
platelets having a thickness of between about 0.7 nm and 1.2 nm; 

compressing said melt between die surfaces at a pressure of less than 3,000 
PSI, said die surfaces having recesses corresponding to the shape of said protmsions, 

receiving said melt, including said 2%-15% by volume reinforcing particles, in 
said recesses so that said melt conforms to the shape of said recesses; 

cooling said melt, wherein cooled portions of said melt received in said 
recesses form said reinforced protrusions. 
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7. A method according to claim 6, further comprising: 

placing a decorative material between said die surfaces and contacting said 
melt with said decorative material so as to adhere said decorative materia] to said 
melt. 

8. A method according to claim 7, wherein said decorative material contacts a 
surface of said die cavity opposite said surface having said recesses. 

9. A method according to claim 7, wherein said decorative material is made from 
a material selected from a group consisting of vinyl, PVC/ABS, TPO, PP, and TPU. 

10. A method according to claim 7, wherein said decorative material includes a 
first layer made fabric, cloth, or ca^jeting, and a second layer comprising at least one 
of a bonded foam layer and a film layer disposed in contact with said first layer, said 
second layer contacting said melt between said die surfaces to prevent said melt from 
permeating through said first layer. 
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BACKGRO UND OF THE INVF.NTTm<r 

Automobile interior trim is often engineered to minimize wall thickness, while 
10 maintaining desired structural characteristics. Greater wall thickness of such molded articles 

requires more raw material per unit part, therebyundesirably increasing the costof^^^^^ 

and increasing vehicle weight. Furthermore, greater waU thicknesses slow down production time 

due to longer cycling periods needed to permit cooling of thicker molded regions. 

Automotive trim components or articles, such as interior panels are often molded from 

15 themaoplastic to have various protrusions extending fiom a broadpanel surface, which protrusions 
serve different functions. For example, some trim components are pn)vided with stiffening ribs to 
r^uce twisting or flexing of the part The same or other trim components may beprovided with 
fastening bosses that add rigidity and/or strength to areas of the part that are to be secured or 
fastened to another structure. For example, a screw receiving hole in a molded article may be 

20 suiroundedbyanamiularprotmsionforsupport. Such annular protrusion may akK> have radiaUy 
outwardly extending protrusions (as an asterisk) to provide fi^er s^,)port. As another example, 

standof&maybefom.edonthebn>adsurfaceoftheparitoprovideproperspacingfiomanabu^^ 
component. As a further example, a protrusion may be in the form of 
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Date iday/montyyear) Number Count^ (or regional Office) 



Box No. VIII CHECK LISTr^^UAGE OF FILE^ 



This international application contains 
the following number of sheets: 

request ; 

description (excluding) 
sequence listing part) 

claims 

abstract 

drawings 

sequence listing part 
of description 

Total number of sheets : 



15 
3 
1 
4 



Figure of the drawings which 
should accompany the abstract: 
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2. □ separate signed power of attorney 

3. □ copy of general power of attorney; reference number, if any: 

4. U statement explaining lack of signature 

5. □ priority document(s) identified in Box No. VI as items(s): 

6. □ translation of international application into (language)- 

7. □ separate indications concenung deposited microorganism or other biological material 
. □ nucleot.de and/or amino acid sequence listing in computer readable fonn 

9. eg other ispecify): Transmittal Fee to US/RO and return post card 
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ENGLISH 




Date of receipt of the record copy 
by the International Bureau: 
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id does not count as a sheet of the international 
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FEE CALCULATION SHEET 
Annex to the Request 



Applicant's or agent's 
file reference 



MAGNA381 PCT 



Applicant 

MAGNA INTERNATIONAL OF AMERICA, INC. 



For receiving Office use only 



International application No. 



Date stamp of the receiving Office 



CALCULATION OF PRESCRIBED FEES 
1. TRANSMITTAL FEE 

(2. SEARCH FEE 

International search to be carried out by 



240.00 



EP 



1,002.00 



(If two or more International Searchine Authnriti^^ ' ~ 

1 3. INTERNATIONAL FEE 
Basic Fee 



The international application contains 27 ^^^^^^ 
first 30 sheets . . I 



455.00 fb 



remaining sheets additional amount 



0.00 



Add amounts entered at b , and b ^ ind enter total at B 
Designation Fees 

The international application contains all designations 

1? X 105.00 

number of designation fees amoum of designation fee " 
payable (maximum 10) "CMgnaiion lee 



455.00 



B 



1, 050,00 1^ 



Add amounts entered at B and D and enter total at I 
... total to J entered at / . 27l%7eV:7lHT^^^^^ 



1 ,505.00 [T] 



4. FEE FOR PRIORITY DOCUMENT O/w/'caW.;. . 
1 5. TOTAL FEES PA YABLE 

Add amounts entered at T. S. I and P, and enter total in the TOTAL box 

□ 

The designation fees are not paid at this time. 
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MODE OF PAYMENT 

RT] authorization to charge 1 , 

1^ deposit account (see below) | | bank draft 

S cheque Q ^^^^ 

U postal money order Q revenue sta mps 

DEPOSIT ACCOUNT AUTHORIZATION (,hi, mn^. " ^ 

□ .s hereby authorized to charge the total fees indicated above to my deposit account. 



I J coupons 
□ other (jpecf/^;.- 



03-3975 



Deposit Account Number 



17 December 1999 




